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1. Introducing particle associated copepods in MEDUSA 

 

Julien Palmiéri1; Thomas Anderson; Andrew Yool1; Adrian Martin; Dan Mayor  
 

National Oceanography Centre, 1UKESM Core Group 
 

 

The ocean’s biological carbon pump (BCP) is the ensemble of all the marine biological 
processes involved in removing inorganic carbon from the ocean surface and exporting it to 

the deep ocean and sediments. It is driven by living organisms from the photic zone (~0-200 

metres) producing organic matter that eventually sinks down the water column as detrital 

particles of different sizes. These organic particles are deteriorated and remineralized as they 

sink to depth. In general, the deeper the particles go, the longer the carbon they contain will 

be stored away from the atmosphere, in the ocean’s interior, but most is remineralized above 
1000m (Martin et al., 1987; Giering et al., 2014; Buesseler et al., 2020).  

 

The efficiency of the ocean’s BCP can be estimated through the particle organic carbon (POC 
– the organic carbon component of sinking particles) flux attenuation with depth. This is usually 

expressed as an empirical power law known as the Martin curve (Martin et al., 1987): 𝐹𝑧 = 𝐹100 ( 𝑧100)−𝑏 

where Fz is the POC flux at depth z; F100 is the POC flux at reference depth 100m; and b is 

the sinking flux attenuation rate. The Martin curve is a simple and effective way of capturing 

the general pattern of the POC attenuation. However, in the real ocean, lots of different 

processes affect this attenuation. 

 

Reflecting this, marine biogeochemistry components of Earth system models (ESMs) include 

a range of different formulations that vary in their levels of process complexity. For instance, 

the biological processes and interactions represented in models can include particle turnover 

rates that are fixed or depend on temperature or oxygen, increasing sinking speed of detritus 

with depth, or mineral ballasting (Dunne et al., 2010; Yool et al., 2013; Aumont et al., 2015; 

Kriest et al., 2015;  Schwinger et al., 2016). The uncertainties associated to these formulations 

are large, especially when considering climate change scenarios. 

 

Observations of sinking particles using ARGO floats with optical backscattering sensors have 

highlighted the role of POC fragmentation as the principal factor controlling the POC 

degradation process (Briggs et al., 2020). Mayor et al. (2020) proposed that ubiquitous, 

particle associated copepods (PAC) are responsible for much of this fragmentation. These are 

small crustaceans that break-up sinking organic particles as they feed on the microorganisms 

living on and within them. To examine this, Mayor et al. (2020) explicitly included PAC and 

their effect on the POC sinking flux in a 1D water column version of the biogeochemical model 

MEDUSA, the marine biogeochemistry component of UKESM1 (Yool et al., 2013; Sellar et al., 

2019; Yool et al., 2021). Figure 1 shows a schematic of the ecosystem of the resulting model. 

The main changes in the model are the addition of PAC itself; partitioning of the fast POC pool 

into 2 pools, one fast (sinking at 30m/d), and one very fast (120m/d); the introduction of PAC 

within MEDUSA’s plankton food-web; and finally the interactions between PAC and particles. 
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The PAC are preferentially attracted by the fastest sinking particles, targeting these and 

fragmenting them into smaller particles, and eating a small fraction in the process.  

 

The results of this work provide the first quantitative demonstration that PAC may be largely 

responsible for attenuating particle flux in the upper part of the ocean’s mesopelagic zone 
(200-1000 metres).  

 

To understand whether PAC are important on a global scale, here we translate the 1D water 

column work of Mayor et al. (2020) to a global, 3D version of MEDUSA (Yool et al., 2013). For 

this, we use an ocean-only configuration, and run the resulting model across the historical 

period (1850-2015) under surface forcing from the full UKESM1 model. 

 

Adding a new plankton group in an ecosystem model is an extremely sensitive thing to do. 

The new component can easily unbalance the model’s trophic interactions by annihilating and 

replacing other organisms, or being completely consumed and not changing anything in the 

model. To examine the impact of the change, we look at the model’s net primary production 
(NPP), the total organic matter produced by autotrophs, as this gives a good first order idea 

Figure 1: Diagram of MEDUSA’s ecosystem components including the PAC 
model. New PAC components are shown in purple. 
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of the model’s behaviour. Figure 2 shows that MEDUSA-PAC’s NPP is realistic, and with the 
same patterns as in the original MEDUSA model. The main differences with MEDUSA are 

slightly higher surface nutrient concentrations due to PAC increasing the slow detritus 

concentration when fragmenting the fast detritus – which has the consequence of recycling 

nutrients more quickly. Interestingly, the pattern of Southern Ocean NPP is better with the 

PAC model, but the mechanisms behind this improvement are still under investigation. Overall, 

PAC has not distorted MEDUSA’s surface trophic interactions too much, and as the model is 
yet to be tuned, this is a very good and encouraging result.    

 

The worldwide distribution of PAC (Figure 3) is consistent with observations: namely that they 

are ubiquitous in the ocean, and occur at relatively high concentrations down to 500 m unlike 

other zooplankton in MEDUSA that are confined to the upper 200m. Interestingly, the surface 

concentrations of PAC are higher in oligotrophic areas where their predation by 

mesozooplankton is lower. There, the PAC population stays within the upper 200m due to the 

relative lack of fast particles lower down.  

 

 

Figure 2: Total primary production for satellite-based estimates (left), MEDUSA (middle), MEDUSA-
PAC (right). 

 

 

Figure 3: PAC surface (up-left), and vertically integrated concentration (up-right). Down in Antarctic to 
Arctic section of PAC through the middle of the Atlantic Ocean down to 500m depth. 
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The impacts of PAC on the overall POC flux in the ocean interior are quite large (Figure 4). In 

the original MEDUSA model, the geographical pattern of POC flux at 1000m is very similar to 

that of NPP, whereas with the MEDUSA-PAC model the pattern is much more homogeneous. 

As can be seen from the transfer efficiency (TE; the fraction of the 100m flux that reaches 

1000m), this is explained by PAC being much more active in the productive particle-rich 

regions where they reduce TE to 5-10%. In oligotrophic areas, there is not enough food to 

sustain an active PAC community and consequently, a large part of the POC is exported 

beyond 1000m depth, giving TE >40%. This result shows the potential importance of including 

the mechanistic effects of PAC in MEDUSA. 

 

Conclusion  

The MEDUSA-PAC model is very promising. The underlying theory was able to reproduce 

observed POC flux data, and its inclusion in PAC-MEDUSA does not significantly compromise 

the rest of the model’s performance. The next steps are to tune the MEDUSA-PAC model to 

fix the problem of high surface nutrients, and also to fully evaluate the model. Including PAC 

in MEDUSA adds an extra calculation cost of few percent, and that should also be considered 

Figure 4: Comparison of MEDUSA (left) and MEDUSA-PAC (right) models' export of POC at 1000m depth 
(up), and transfer efficiency (right). The transfer efficiency is the ratio between POC export 1000 and 100m 

depth, expressed as a percentage. It represents how much of the POC flux at 100m reaches down to 
1000m. 
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if we want to include PAC in UKESM2. And, intriguingly, with PAC’s POC export being so 
different to MEDUSA’s, it would be interesting to estimate the impact of climate change, to 
more fully appreciate the importance of these animals on the BCP.    
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2. Likely future(s) of global wildfires 

UKESM-fire and JULES-ISIMIP contributions to UNEP rapid response 
assessment: “Spreading like Wildfire: The Rising Threat of Extraordinary 

Landscape Fires.”  
 

The report will be made public in late January and available at www.grida.no 

Douglas I Kelley1, Camilla Mathison2, Chantelle Burton2, Megan Brown1,3, Andrew Sullivan4, 
Elaine Baker5,6, Tiina Kurvits5 

1UK Centre for Ecology and Hydrology, 2 UK Met Office, 3 Open University, UK, 4 CSIRO, 
Canberra, 5 UNEP/GRID-Arendal, 6 University of Sydney 

 

“The risk posed by wildfire to people and the environment is increasing as a result of 
numerous factors, including but not only climate change” is a key finding from the upcoming 
UNEP report “Spreading like Wildfire: The Rising Threat of Extraordinary Landscape Fires” 
[1].  This finding is despite the complex interactions between fire drivers - both bioclimate 

and humans' profound impact on the landscape - that make simulating fire extremely difficult 

[2,3]1. Add the uncertainty in future emissions and climate responses, particularly rainfall [4] 

to which fire regimes are extremely sensitive [1], and past attempts at projecting future 

burning and its impacts widely disagree [5].  For this report, instead of projecting future fire 

regimes directly, we simulated the likelihood of all possible future burning levels whilst 

accounting for these uncertainties in fire modelling and future climate. We demonstrate that 

many parts of the world show likely and robust future changes in burnt area - some of which 

may be avoidable with emission reduction. Ongoing development of this framework maybe 

helpful for translating climate model outputs - uncertainties and all - for climate-relevant 

impacts.  

Finding likelihood through model uncertainty 

For the report, we drove the ConFire Bayesian fire framework [6,7] with historic ISIMIP2b 

bias-corrected climate models and JULES-ES vegetation outputs [8,9]. ConFire optimises a 

simple fire model against GFED4s burnt area observations [10] and expresses burnt area 

and its drivers influence as probability distributions based on uncertainty and biases of the 

optimised model (Fig. 1). ConFire thereby preserves uncertainty when simulating future fires 

based on climate outputs from the four ISIMIP2b climate model projections [11]. The 

projections use emissions scenarios from RCP2.6  - the lowest emission scenario in CMIP5, 

targeting 2°C [12,13], and RCP6.0 representing a no-mitigation scenario. Developing the 

technique from Scholze el al [14], we identified areas where climate model projections show 

substantial changes in future burnt area, even if models disagree on the magnitude or 

direction of that change. 

 

 

 

1 See previous newsletter: https://ukesm.ac.uk/portfolio-item/bringing-fire-into-ukesm/ 

https://ukesm.ac.uk/portfolio-item/bringing-fire-into-ukesm/
https://code.metoffice.gov.uk/trac/home%20-
https://code.metoffice.gov.uk/trac/home%20-
https://paperpile.com/c/1c5RZN/zSgb
https://paperpile.com/c/1c5RZN/VIab+gOfl
https://paperpile.com/c/1c5RZN/8TJM
https://paperpile.com/c/1c5RZN/zSgb
https://paperpile.com/c/1c5RZN/Zgoq
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Likely occurrences of recent extreme events by 2100 

We can assess how likely some of the recent, more extreme fire events will become in the 

future (Fig. 1). The severe 2019 Arctic fires were particularly concerning given the vast 

amount of carbon released - 150 Mt CO2, equivalent to half the UK’s annual emissions2 and 

only beaten by 2020, where another 244 Gt CO2 was released into the atmosphere [15]. For 

Northern Siberia, which experienced some of the worst burning in 2019, the framework 

suggests an event of this magnitude or greater will become around 5 times more likely in the 

last 10 years the century - irrespective of fire emissions (Fig. 1). 

 

Figure 1. Probability distributions of burnt areas for (black) 1996-2005 and 2090-2099 for (blue) 

RCP2.6 and (red) RCP6.0 for the 4 points marked in Fig. 2. Dotted lines show burnt area of recent 

extreme fire events. The likelihood of a fire event is the probability of a burnt area greater or equal to 

that event. 

 

In Amazonia, 2019, fires burnt around 900,000 hectares of rainforest (an area larger than the 

island of Corsica). They exposed millions of people to increased air pollution, including in 

São Paulo, 1700 miles away. These fires have been attributed to increased deforestation 

[16], and anomalous meteorological conditions had only a 6-7% probability of impacting 

 

2 https://ourworldindata.org/co2-emissions 

https://paperpile.com/c/1c5RZN/G54b
https://paperpile.com/c/1c5RZN/JeJR
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burning [6] - shown in a study using the same Bayesian technique as here. This explains 

why our framework - which does not capture human fire management policy changes 

beyond the training period- suggests 2019 fires would have been extremely unlikely in our 

1995-2006 base period. However, future climate and land-use changes for the region alone 

mean fires of the magnitude or worse of 2019 could occur every 34 (RCP2.6) or 17 

(RCP6.0) years (Fig. 1). 

 

20119/2020 south-east Australian fires highlight remaining deficiencies in fire modelling. 

These fires were by far the most extensive since the start of the satellite record and almost 

entirely driven by anomalous meteorological conditions, including rapid stratospheric 

warming and long-term drought 3. Despite this, residual uncertainties in our fire modelling 

framework suggest a 16.1% likelihood for 1995-2006 - a period that did not include such 

extreme meteorological conditions - equivalent to a fire event every six years. Better 

constraining this uncertainty is required before confidently assessing changes in likelihood in 

burnt in the future (1.4 x more likely based on our current understanding). 

Future changes in global wildfire 

We forecast substantial shifts in fire regimes of much of the world by the end of the century 

(Table 1; Fig. 2). Tropical savannas show the most potential change in burnt area, though 

climate models disagree on change direction. Where models agree, they suggest an 

increase in burning, though increases are within fire model uncertainty. This means that, 

while it looks likely fire regimes will change in tropical savannas, we cannot say how based 

on our understanding of future climate or fire drivers. An increase in fuel availability through 

decreased fuel moisture will cause more burnt area in North Australia, though not significant 

against uncertainty associated with present-day veg/fire model performance. The overlap 

between historic and future probability distributions indicates how likely a signifciant change 

in burnt area. This highlights a significant agreement for decreased burning in Southern 

Brazil, Uruguay and northern Argentina and the US east coast under RCP2.6, but not 

RCP6.0. 

 

However, all climate models implicate fuel drying as likely to increase burning significantly 

greater than veg/fire model uncertainty in Indonesia and many Arctic areas across RCPs. 

These areas are of particular concern given the potential to release the high carbon content 

of peatlands and their irrecoverable carbon [17]. 

 

 

 

3 Met office coverage of Australian fires: https://www.metoffice.gov.uk/research/news/2020/causes-of-
extreme-fire-weather-in-australia 

https://paperpile.com/c/1c5RZN/1vIH
https://paperpile.com/c/1c5RZN/wHf7
https://www.metoffice.gov.uk/research/news/2020/causes-of-extreme-fire-weather-in-australia
https://www.metoffice.gov.uk/research/news/2020/causes-of-extreme-fire-weather-in-australia
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Figure 2. Projected 2090-2099 changes in burnt area compared to (top) historic burnt area from 

GFED4s [10] 1996-2005 for (middle row) RCP2.6 and (bottom) RCP6.0 ISMIP2b climate model 

ensemble. (left) areas in red are where we project burnt area will increase, while the blue shows 

areas where it will decrease. Purple is where some climate models project an increase while others a 

decrease. (right) significance in changes in burnt area against fire model uncertainty - defined as the 

% dissimilarity between historical and future probability distributions (example above maps). 

 

Worldwide, there will be an increase in extreme fire events (which we define as a one in 100 

annual burnt area from the last 10 years; Table 1). This increase is likely to be small in the 

next 10 years - 8-14%. By the end of the century, though, this increase is likely to be much 

more substantial - up to 36-57% under RCP6.0. Emissions reduction will mitigate some 

extreme events, though we will still see a considerable increase in events (21-52%). 

 

Table 1: Global increase in extreme fire events, defined as a 1 in 100 annual burnt area for 

2010-2020. 

RCP Near-term - 2020-2030 Medium-term - 2040-2050 Long-term - 2090-2100 

2.6 9-14% 20-33% 31-52% 

6.0 8-14% 21-27% 36-57% 

 

Ongoing work 

Not all sources of uncertainty are accounted for in this framework yet, and there are still 

avenues of fire model development that may further constrain uncertainty. We simulate fuel 

properties using JULES-ES, whereas there are multiple vegetation models that sample the 

range of our understanding of the land surface [18]. Moreover, by optimising on the relatively 

short satellite period, we assume human fire management will continue as present day, 

which the 2019 Amazonia fire demonstrates is not always the case [6]. There is active 

https://paperpile.com/c/1c5RZN/0UK1
https://paperpile.com/c/1c5RZN/Zxpb
https://paperpile.com/c/1c5RZN/1vIH
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research on human-fire interactions and management decisions within JULES [19] that may 

help incorporate changes in humans future behaviour in the landscape 

 

Finally, incorporating fire-vegetation feedback within the Bayesian framework will account for 

additional fire-feedback uncertainties. It will also allow us to assess the likelihood of fire 

regime changes’ impacts on local ecosystems. Some of these impacts could be substantial. 
If global warnings pass 2°C, Burton et al.  [20] suggest increased burning in South America, 

mainly in Southern and Eastern Amazon - plausible in our analysis (Fig. 2) - might emit as 

much carbon as half the USA total emission since pre-industrial times. However, this is a 

single model, with just four possible futures. Finding the likelihood of these and less or even 

more catastrophic futures is required before we can adequately plan mitigation and 

determine likely temperature and emission targets to avoid the worst impacts of fire in our 

warmer world. 
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3. Earth System Modelling and the evolutionary history of 
South America 

 

Hiromitsu Sato1,2, Douglas I Kelley3 

1 University of Toronto, 2 Ontario Forest Research Institute, 3 UK Centre for Ecology and 
Hydrology 

 

While ESMs often look to the future, Earth system modelling techniques can also provide 

insights into past vegetation distributions and tackle some of the biggest paleoecology and 

human development questions. The South American refugia hypothesis, for example, 

describes how the growing and shrinking of forest and savannas over glacial cycles (moving 

in and out of ice ages) explain modern day biodiversity. This hypothesis has been hugely 

controversial since it was first put forward over 50 years ago, and a lack of proxy 

observations means it will likely remain unanswered – unless modelling techniques can help 

inform what past vegetation looked like.  

Hiro Sato, from the Ontario Forest Research Institute, explains the refugia hypothesis' 

background and describes how we combine dynamic vegetation modelling with the fossilised 

pollen record to reconstruct forest and savanna locations during the Last Glacial Maximum. 

He found that the combined fire and CO2 deprivation stress drove savannafication during the 

last ice. A corridor linked central and Southern American savannas through a destabilised 

Amazon forest. Hiro finishes by describing future work – including brand new machine 

learning algorithms for bias correcting the simulated land surface against observations that 

can directly tackle the existence of Refugia, as well as the mysteries around human and 

cultural emergence in Africa. 

 

Refugia hypothesis 

Jurgen Haffer, a geologist by trade and ornithologist by passion, developed the Refugia 

Hypothesis (1969) to explain the rich diversity of birds in the Amazonian rainforest. Based on 

species distributions and precipitation patterns, Haffer hypothesised that the vast and 

continuous rainforest fractured and splintered into 'islands' of forest known as refugia, 

separated by savanna during glacial periods. Populations of rainforest species would then 

be isolated, gene flow would be blocked, and diversification would occur through allopatric 

speciation (speciation that happens when two populations of the same species become 

isolated from each other due to geographic changes). During interglacials, forests would 

expand, and refugia would re-connect, leading to a range expansion of their newly 

diversified species, establishing a kind of Pleistocene4 species pump. In the nineties and 

early noughties, key palynological studies (pollens and spores) suggested an Amazonia 

relatively stable against glacial environmental changes. This contradicted central ideas of the 

Refugia hypothesis and stimulated ongoing debate on the subject. 

 

 
4 2,580,000 to 11,700 years ago, spanning the Earth's most recent period of repeated glaciations. 
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A lack of paleo data 

Biologists continue to seek understanding of the dynamics of the past environments of their 

species of interest to understand their evolutionary history better. Phylogenetic methods5 

can give insight into roughly when and where diversification occurred. However, they must 

then be reconciled with knowledge of their past environments to elucidate the specific 

processes that led to differentiation. Reconstructing environments that long predate human 

measurement is a complex task and typically approached within two distinct realms of 

research: palaeoecology and Earth System modelling. Proxy methods, while empirically 

based, are often sparse and irregularly distributed due to specific preservation requirements. 

Fossilised pollen, for example, which tells us what used to grow in an ecosystem, only 

preserved in lake sediment and peat bogs with the correct chemical composition. Dynamic 

Vegetation Models (DVMs) can generate continuous reconstructions of past terrestrial 

environments but are rarely adapted for biogeographical analyses or made accessible to 

non-specialists. 

 

 

Figure 1. Modelled vegetation reconstructions for the LGM. Colours represent different biomes. 

Simulations include fire impacts and low CO2 – the configuration that best matches pollen-based 

reconstructions of past vegetation is located in circles on the map. Arrows show corridors of open 

vegetation formations that may have facilitated dispersal during glacial periods, while refugia are 

stable forested regions that remained robust against past environmental change. Thf = tropical humid 

forest, Tdf = tropical dry forest, Ts = tropical savanna, sw = sclerophyll woodland, tp = temperate 

parkland, bp = boreal parkland, dg = dry grass/shrubland, hd = hot desert, st = shrub tundra, t =tundra 

 

 

 
5 Used to establish evolutionary relationships among biological entities 
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Fusing model and proxy observations 

The initial aim of our research was to produce reconstructions of vegetation cover of the 

Neotropics during the Last Glacial Maximum (LGM) that would utilise both advanced 

modelling techniques and the available body of appropriate pollen records. We generated 

twenty model reconstructions of vegetation through five climate reconstructions of the LGM 

for four scenarios designed as a factorial experiment to test the effects of low CO2 and 

wildfire on vegetation cover. Comparing these model reconstructions against forty-two pollen 

cores gave local estimates of vegetation during the LGM. This task involved developing a 

method to quantitatively compare model output with pollen records through the ecological 

closeness of biome types. 

Fire and CO2 deprivation drove savannafication 

The reconstruction that best fits with empirical data showed major savannafication and forest 

dieback, indicating possible instability of Amazonian forest to the more arid glacial climate, 

lower CO2, and wildfire (Fig. 1). Though our reconstructions did not show clear signs of 

Haffer's refugia, they showed complex mosaics of open and closed biomes that also ran 

contrary to the notion of a stable Amazonian forest. This work also provided evidence for the 

past existence of two savanna formations known as 'dry corridors' that are hypothesised to 

have existed based on distant and disjoint savanna species. 

The results of this work have been published in Nature Geoscience (Sato et. al, 2021) and 

have stimulated direct collaboration in phylogenetics research in Amazonia (Buainain et al, 

2020). We are now working to quantitatively integrate species distribution data to formalise 

notions of niche and connectivity, which has thus far been absent in Earth System modelling. 

While our best reconstruction showed a good fit against empirical data, there is still a 

mismatch that we can correct for. Transforming the model's bioclimatic output into species 

style niches will also allow an assessment of connectivity of possible forest islands – a direct 

test of Haffer's refugia. We are also excited to apply our newly developed methods toward 

another context where savanna-forest dynamics were crucial over long timescales: early 

human movement and evolution. We have already published the first study (Ecker et al., 

2020) with a major project planned for the coming year, which will utilise data from early 

human settlements. 

What I enjoy most about this work is taking part in new interactions between researchers 

from very different fields of study. The big questions that may be a driving force in one area 

of research, such as the origins of biodiversity, may benefit significantly from applying tools 

from another field, such as climate science. I believe that it is beneficial and necessary to 

make these connections, given the vastness of these questions. This is why I was most 

interested to learn of Haffer's eclectic research background, which combined understanding 

of the large scales of geology with tropical ecology and his methodological specialisation 

with his subject of interest. 
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4. UKESM at COP26 

 

Jeremy Walton1, Catherine Hardacre1 and Lee de Mora2 

1 Met Office, 2 PML 

 

The 2021 United Nations Framework Convention on Climate Change (UNFCCC) 

Conference of the Parties, more commonly known as COP26, was held in Glasgow from 31 

October to 13 November 2021.  Previous conferences in this yearly series included COP3 

which adopted the Kyoto Protocol for greenhouse gas emissions reductions in 1997, and 

COP21, at which the Paris Agreement was negotiated.  That agreement – which entered into 

force in 2016 – aims to keep the rise in global mean surface air temperature to below 2 °C, 

(compared to pre-industrial levels).  COP26 was the first conference since COP21 which 

expected parties to make enhanced commitments towards mitigating climate change.  

COP26 attracted worldwide attention for this and other reasons. 

UKESM was invited to participate in a number of activities related to COP26, which included 

a presence in the COP26 Green Zone (see Figure 1).  This was the part of the conference 

which was open to the public, and was housed in the Glasgow Science Centre (Figure 2).  

The Green Zone featured over 200 events and 100 exhibitors, including the COP26 

Universities Network and UK Research and Innovation (UKRI).  We were on the COP26 

Universities Network stand on 8 November, and on the UKRI stand on 9 November.  

 

Figure 1.  Jeremy, Catherine and Lee from the UKESM core group welcome you to the COP26 
Green Zone. 
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Figure 2.  The COP26 Green Zone was housed in the Glasgow Science Centre on 1-12 November. 

 

Our preparations for the event included the development of storyboard movies: video-shorts 

explaining our work on Earth system modelling using UKESM1 and the implications of our 

results for projected future changes in global temperatures and other climate variables.  The 

storyboards included brief presentations focussed on specific areas such as air quality or the 

Greenland ice sheet.  In addition, we overhauled the UKESM Climate Change quizzes (one 

of which was aimed at adults, and the other at children) which proved useful for engaging 

with visitors to the stand after they’d stopped to look at the storyboards. 

The storyboards (which can be found on the UKESM YouTube channel) and quizzes formed 

the centrepiece of our exhibit on the COP26 Universities Network stand (Figures 3 & 4).  The 

stand was located on the first floor, at a pinch point which led most of the passers-by to stop 

and look at our display.  We had good conversations with visitors on a wide variety of 

climate-related topics, ranging from the effect of climate change on avian malaria to plastic in 

the oceans.  Given the large range of backgrounds and interests of the attendees, there was 

a reasonable level of general interest in our work on Earth system modelling.   

https://www.youtube.com/channel/UCNbbzj7NGq393xLgEbpRkOg/featured
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Figure 3.  Catherine and Lee at the UKESM exhibit on the COP26 Universities Network stand on 8 
November, during a (rare) lull in visits to the stand.  The screen at the back is showing the Greenland 

ice sheet storyboard, whist the laptop in the foreground is set up for the UKESM Climate Change 
quiz. There were no prizes for taking part in the quiz, although Catherine offered participants a squirt 

of hand-sanitizer (front and centre on the table). 

 

 

Figure 4.  A visitor to the UKESM exhibit on the COP26 Universities Network stand looks at a 
visualization of four paths for future climate, whilst Lee looks at the camera. 

 

The UKRI stand (see Figure 5) was a larger installation on the ground floor, very close to the 

entrance of the Green Zone.  Its main focus was a large illuminated display of the Warming 

Stripes (designed by Prof Ed Hawkins, University of Reading), a powerful image of global 

temperature change since the industrial revolution.  Other staff on the stand on the day we 

were attending included those from UKRI, the UK Centre for Ecology & Hydrology (CEH) 
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and the Centre for Environmental Data Analysis (CEDA).  The stand had a number of high-

profile visitors, including the Chief Executive of UKRI and the Permanent Secretary for the 

Department of Business, Energy and Industrial Strategy (BEIS); we were able to talk to both 

of them about our modelling work (see here for an article about the UKRI stand which 

features a photo of one of us standing next to the Permanent Secretary).     

 

 

Figure 5.  Catherine talks with Clegg Bamber from UKRI on the UKRI stand on 9 November.  The 
UKRI stand was built around a set of illuminated smart glazing panels which showed the Warming 

Stripes, a compelling illustration of global temperature change. 

 

Another aspect of our presence at COP26 was our contribution to the COP26 Universities 

Network’s Images of Climate Innovation exhibition.  This is a showcase illustrating the 

creativity of UK researchers who are developing new ways to reduce greenhouse emissions, 

adapt life to the changing climate and help the world to better understand the nature of 

climate change and its impacts.  Besides having an online presence (see below), the 

exhibition was on display during COP26 at the University of Strathclyde’s Ramshorn 
Theatre.   

We contributed the image “Four possible climates in 2100” (see Figure 6) which displays 

four possibilities for temperatures at the Earth's surface in 2100, as calculated by UKESM1 

using four scenarios for future greenhouse gas emissions.  It shows that warming increases 

as emissions levels rise, and is not distributed evenly around the world (specifically, there is 

a marked amplification of surface warming in the Arctic).   

https://www.glassonweb.com/news/science-and-innovation-delivers-climate-solutions-cop26
https://www.strath.ac.uk/workwithus/cop26/innovationshowcase/
https://www.strath.ac.uk/workwithus/cop26/innovationshowcase/
https://www.strath.ac.uk/workwithus/cop26/innovationshowcase/behindthescience/fourpossibleclimatesin2100/
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Figure 6.  A visitor to the COP26 Universities Network’s Images of Climate Innovation exhibition at 
the Ramshorn Theatre looks at our image “Four possible climates in 2100”.  This shows four 

possibilities for temperatures at the Earth's surface in 2100, as calculated by UKESM1 using four 
scenarios for future greenhouse gas emissions. 

 

Studies such as this show that, although it is convenient to focus (as the Paris Agreement 

does) on changes in mean global temperature, the magnitude of the variation in temperature 

change across the surface of the Earth means that local effects should not be forgotten. 

Each of us was attending COP for the first time.  Notwithstanding some logistical challenges 

in preparing for – and travelling to – the event, we found the experience to be a positive one.  

One of us (Lee) was also an Observer in the Blue Zone – which was housed in the Scottish 

Events Campus across the river Clyde from the Green Zone – and so had a much broader 

COP26 experience, which has been captured in his video log.  Some of our colleagues also 

contributed to an UKRI video about Earth system modelling and observations, which was 

featured on the UKRI stand, and we also appeared in both parts of UKRI’s video exploring 
what researchers wanted from COP26. 

The quality of the exhibits, presentations, films and other events we saw at COP26 was very 

high, and provided a strong stimulus to our conversations about climate change 

understanding, impacts and action which have continued since our return from Glasgow.  

 

 

 

https://www.youtube.com/watch?v=D_-BAhzy8RE
https://www.youtube.com/watch?v=uuBWw4gRbeM
https://www.youtube.com/watch?v=kCI48jgEqD0&t=1s
https://www.youtube.com/watch?v=1uWaZNMoZik
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Recent events 

UKESM – Climate Impacts Workshop  

The UKESM team recently held an online workshop, bringing together UKESM modellers 
with a number of UK-based climate impacts researchers. The aim of the workshop was to 
share knowledge and increase collaboration between the two communities with a view to 
developing a range of concrete collaborations that use UKESM simulations in climate 
change impact analysis.  

The workshop consisted of a set of talks introducing impacts research and a set 
introducing the UKESM model and its application. There were also a couple of open 
discussion sessions to start a dialogue leading to further, more targeted collaboration.  

Five climate impact areas were discussed; Water resources, wildfires, climate change and 
air quality, marine ecosystems and sea level rise. We look forward to some more targeted 
discussions in 2022.  

If you are interested in finding out more or would like to be involved, please contact 
hazel.jeffery@metoffice.gov.uk  
 

 

Publications 

UKESM in the research literature  

• Coupling the UK Earth System Model to Dynamic Models of the Greenland and 
Antarctic Ice Sheets. https://doi.org/10.1029/2021MS002520 

• Development of the UKESM-TOPAZ Earth System Model (Version 1.0) and 
Preliminary Evaluation of its Biogeochemical Simulations. 
https://doi.org/10.1007/s13143-021-00263-0  

• JULES-CN: a coupled terrestrial carbon-nitrogen scheme (JULES vn5.1). 
https://doi.org/10.5194/gmd-14-2161-2021 

• Hadley Circulation in the Present and Future Climate Simulations of the K-ACE 
Model. https://doi.org/10.1007/s13143-021-00256-z 

• Dry corridors opened by fire and low CO2 in Amazonian rainforest during the Last 
Glacial Maximum. https://doi.org/10.1038/s41561-021-00777-2 

• Simulation of the mid-Pliocene Warm Period using HadGEM3: experimental design 
and results from model-model and model-data comparison. 
https://doi.org/10.5194/cp-17-2139-2021 

• A multi-data assessment of land use and land cover emissions from Brazil during 
2000-2019. https://doi.org/10.1088/1748-9326/ac08c3 

 

 

 

 

mailto:hazel.jeffery@metoffice.gov.uk
https://doi.org/10.1029/2021MS002520
https://doi.org/10.1007/s13143-021-00263-0
https://doi.org/10.5194/gmd-14-2161-2021
https://doi.org/10.1007/s13143-021-00256-z
https://doi.org/10.1038/s41561-021-00777-2
https://doi.org/10.5194/cp-17-2139-2021
https://doi.org/10.1088/1748-9326/ac08c3
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News 

UKESM2 Update  

A UKESM2 planning meeting was held on November 4th. The meeting 
set out development plans and associated timelines for the next 
UKESM2 model. It also enabled developers to get an overview of the 
main science targeted for UKESM2 and any potential interactions 
between individual science changes. Developers presented their 
developments and progress on testing and evaluation. Alistair Sellar 
(head of Global Model Evaluation and Development at the Met Office) provided an update 
on the HadGEM3-GC5 physical climate model on top of which UKESM2 will be built. GC5 
will include a new sea ice model, SI3 (Sea Ice modelling Integrated Initiative), and the 
ocean model will be upgraded to NEMOv4 along with a number of other improvements 
across the model physics. GC5 aims to be frozen early in 2022 after which UKESM2 
development can really begin in earnest. 

UKESM2 will largely include the same Earth System components as in UKESM1, with the 
notable addition of interactive ice sheet models for both Greenland and Antarctica and 
interactive fires coupled to the terrestrial carbon cycle and atmospheric composition. The 
former development is important for assessing sea level risks while the latter will improve 
our ability to investigate ecosystem resilience and biogeochemical feedbacks. The 
standard model configuration will also be driven by emissions of CO2 and CH4 as opposed 
to being concentration driven, with closed cycles of both gases. While an emission driven 
capability for CO2 was included for C4MIP with UKESM1, the CH4 emission capability is a 
new development and enables the inclusion of important CH4 feedbacks from natural 
sources such as wetlands, fires and permafrost.  

In addition, a number of science enhancements to existing UKESM1 components and 
their coupling within the full ESM are envisaged. These include nitrate aerosol being 
added to the GLOMAP-MODE aerosol scheme. Nitrate is envisaged to be an increasingly 
important aerosol source as anthropogenic emissions of sulphur dioxide reduce, 
representing this species will allow a more accurate assessment of the impact of 
agricultural practices and air pollution measures on air quality and climate response. 
Coupling to land and ocean nitrogen cycles will also be explored. UKESM1 has 
significantly higher total column ozone over the historical period as well as stronger ozone 
depletion post 1960 than other CMIP6 models. A number of improvements to the 
stratospheric-tropospheric UKCA chemistry model will be implemented which will 
significantly improve stratospheric ozone in UKESM2. A number of other improvements 
are also in the pipeline but for brevity are not listed here. 

Planning meetings will increase in frequency in 2022. For further information please 
contact Jane Mulcahy (jane.mulcahy@metoffice.gov.uk) or Colin Jones 
(colin.jones@metoffice.gov.uk). 
 

 

mailto:jane.mulcahy@metoffice.gov.uk
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