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and the Natural Environmental Research Council (NERC) to develop and apply a 

world-leading community Earth System Model. 
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First results from UKESM1 CH4 emission-driven simulations  

Robert Parker1, Gerd Folberth2, Chris Jones2, Nicola Gedney2, Fiona O’Connor2, Alistair Sellar2 
and Andy Wiltshire2  

 1 NCEO and UKESM core group, 2 Met Office Hadley Centre  

 

Climate models are beginning to incorporate processes and feedbacks related to 

biogeochemical cycles, becoming “Earth system” models (ESMs). How such processes 
interact with each other and the physical climate is highly uncertain but has a large potential 

to impact upon climate projections. 

Methane (CH4) is the second most important greenhouse gas after carbon dioxide and a 

tropospheric ozone precursor, with potential for climate mitigation and air pollution abatement 

due to its relatively short lifetime. 

ESMs participating in the Climate Model Intercomparison Project Phase 6 (CMIP6) are driven 

via CH4 concentrations (Eyring et al. 2016) rather than prescribing and/or generating their own 

emissions and interactively coupling them to the model atmosphere. The reason for this is that 

we currently have too little understanding of all the relevant processes and their 

couplings/feedbacks, especially in relation to accurately modelling the methane lifetime. This 

leads to large uncertainties in climate predictions or prevents important processes from being 

included in simulations due to the sensitivity of their feedbacks. 

The CH4 emission from natural wetlands is the most significant uncertainty in the global CH4 

budget (Kirschke et al. (2013), Saunois et al. (2019)) and further work is needed to better 

understand the processes by which wetlands emit CH4 and how these emissions are likely to 

respond to changes in climate. As shown in Gedney et al. (2019), wetland feedbacks are 

expected to be significant over the next century. When compared to simulations with no 

feedbacks, they are found to increase atmospheric concentrations by a further 25% and lead 

to an additional temperature increase of up to 5.5%. Other CH4 feedbacks such as 

temperature, humidity, permafrost thaw and methane hydrates also all play a role and need 

to be considered in future projections.  

The above highlights the need to begin incorporating these processes into ESMs. We detail 

the changes currently under development at the Met Office Hadley Centre to achieve this with 

UKESM1 (Sellar et al., 2019) and provide some initial, promising, results. 

Rather than using the prescribed methane concentrations as standard in CMIP6, we replaced 

these with explicit prescribed emission sources (e.g. anthropogenic, fire), included CH4 

surface removal and coupled the wetland scheme in JULES with the UKCA atmospheric 

composition model (O’Connor et al., 2014). 

To include methane surface emissions from wetlands and to account for the coupling between 

the land surface and the atmosphere via wetland methane emissions we implemented the 

coupling between the wetland scheme described in Gedney et al. (2019) and the atmospheric 

composition component UKCA as outlined in Archibald et al. (2019). 
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JULES wetland CH4 flux into the atmosphere (FCH4, Gedney et al., 2019) is dependent on 

wetland fraction fw, available substrate (NPP) and temperature: 𝐹𝐶𝐻4𝑤 = 𝑘𝐶𝐻4 . 𝑓𝑤 . NPP.𝑄10. (𝑇𝑠𝑜𝑖𝑙)(𝑇𝑠𝑜𝑖𝑙−𝑇0)10  

where Tsoil (K ) and T0 are mean top 1m soil and reference (273.16K) temperatures 

respectively. K is tuned to the contemporary, global total wetland flux, where current estimates 

range between 127–227 Tg(CH4) yr−1 (Saunois et al., 2016). In our model the present-day 

decadal mean (2000-2009) global total methane emissions from wetlands amount to 198 

Tg(CH4) yr-1. The Q10(T) factor represents the reaction rate increase following a 10K 

temperature increase. 

We performed a 30-year test run with the pre-industrial control configuration. From this control 

experiment we derived a 30-year average monthly mean climatology of methane surface 

exchange fluxes for each gridbox. In essence, this CH4 surface exchange flux climatology 

represents the “missing” sources and sinks that are required in our emissions-driven 

configuration to reproduce exactly the default UKESM1 configuration with prescribed methane 

surface concentrations, assuming that the UKESM1 default configuration represents the 

“correct” state with respect to methane. The aim of this step is to remove any systematic bias 
in the initial state. 

Figure 1 shows some initial comparisons between the standard concentration-driven 

simulations and the same simulations run in emission-driven mode where the CH4 emissions 

are interactively coupled to the rest of the model. The CH4 surface concentrations for the 

emission-driven results are found to be similar to the concentration-driven simulations for both 

the historical and different future scenarios. A reasonably consistent offset between the two is 

maintained from the late 1900s throughout the future projections in both cases. As pointed out 

by Gedney et al., 2019, limited knowledge of contemporary global wetland emissions restricts 

model calibration and the accuracy of the modelled methane lifetime can significantly affect 

the simulated distribution. Through further evaluation and calibration, the differences to the 

concentration-driven simulations would expect to be reduced. 
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Figure 1. Global annual mean methane surface concentration in ppbv. Black: concentration-driven 
simulations; red: emissions-driven simulations. Included are three ensemble members from historic 
simulations (1850-2014) and one ensemble member each from two future scenarios (2014-2100). 

 

Figure 2 shows a global map of 10-year (1985-1995) CH4 surface mole fractions from the 

historical emission-driven simulation. It should be noted that in the concentration-driven mode, 

the data would be entirely homogenous with a flat value of 1714 ppb. In contrast, the emission-

driven mode is able to successfully generate a reasonable CH4 spatial distribution with 

features such as wetlands, fires and anthropogenic emissions all evident.  
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Figure 2. 10-year average annual mean CH4 surface mole fractions (1985-1995) for the emission-
driven simulation. 

 

In conclusion, we present here the first promising results from the implementation of a fully-

interactive CH4 scheme within UKESM1.  

Future work will focus on evaluating these simulations, using a range of satellite observations 

and ancillary datasets, and improving the consistency between the concentration-driven 

results and those driven by prescribed and interactive emissions. Ultimately this will allow the 

emission-driven simulations to be routinely used for future climate projections, providing 

valuable insights into how CH4 concentrations may respond and contribute to a changing 

climate. 
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Improving the simulation of historical surface temperatures in 
UKESM1 

Steve Rumbold1*, Colin Jones1*, Catherine Hardacre2*, Jane Mulcahy2*, Alistair Sellar2* and Ed 
Blockley2 

1National Centre for Atmospheric Science (NCAS), 2Met Office, * UKESM core group member 

 

UKESM1 historical simulations for CMIP6 exhibit a cold bias in 20th century global mean 
surface temperatures from ~1920 to ~1995 when compared to the observed record (Figure1).  

 

 Figure 1. UKESM historical model (12 member ensemble) anomalies in global mean surface air 
temperature relative to their 1850 to 1900 mean.  These are compared to the equivalent from the 

measurement record as analysed in HadCRUT4 (Morice et al., 2012) and Cowtan and Way, 2014.  

 
The cold bias is most pronounced in the Northern Hemisphere extra-tropics, suggesting 
anthropogenic aerosols are likely a significant contributor.  Indeed, when looking close to 
anthropogenic SO2/SO4 emission sites, it can be seen that the concentration of near-surface 
sulphur dioxide in the model (SO2, which is ultimately converted into sulphate aerosol to act 
as a cloud condensation nuclei) is biased high compared to site measurements (Figure 2).  A 
likely implication of this bias is that excess SO2 is transported to remote areas, such as clean 
marine regions, where conversion to sulphate aerosol gives rise to a large negative radiative 
forcing and a cooling of the climate.  

  

Figure 2. Comparison of UKESM1 SO2 surface concentrations against EMEP site observations 
(Tørseth et al., 2012). Blue line is the seasonal model mean and blue shading is the range of 

variability for the model; black line is the seasonal observation site mean and black shading is the 
range of variability for the measurements (note the blue shading overlaps the black).  European winter 

left; summer right.  
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To address the positive bias in atmospheric SO2 and, by association, a potentially too strong 
negative aerosol forcing, several improvements have been introduced to the model’s 
parameterization of sulphur dioxide deposition, including the correction of an error in the 
resistance to SO2 deposition over the ocean. The key improvements however consist of (i) 
introducing a sensitivity of SO2 deposition to whether the underlying land surface is wet or dry 
(SO2 deposits much more readily on a wet surface than a dry one, see Erisman et al., 1994a) 
and (ii) when the land surface is dry, making the modelled resistance to SO2 deposition depend 
on near surface humidity (Erisman et al. 1994b). In addition, the basic resistance constants 
for SO2 deposition with respect to each land surface type have been updated following Zhang 
(2003). 

The combination of these changes leads to a reduction of lower atmosphere SO2 
concentrations by around 35 to 40% across the Northern Hemisphere extra-tropics.  This in 
turn reduces the magnitude of the 1850 to 1980 aerosol effective radiative forcing (ERF) from 
-1.4 Wm-2 to -1.1 Wm-2 When these changes are implemented in the fully coupled model and 
CMIP6 historical simulations repeated, the result is a significant reduction in the surface 
temperature cold bias (Figure 3, left panel), with the majority of the warming relative to the 
standard UKESM1 simulation occurring in the Northern Hemisphere extra-tropics (Figure 3, 
right panel).   

  

  

Figure 3. Left panel as per Figure 1, but with HadCRUT4 removed and a 4 member ensemble of 
UKESM1 with the SO2 modifications (UKESM1-SO2mod) included. Right panel, as left but mean for 

the Northern Hemisphere extra-tropics.  

  

The reduction in the UKESM1 cold bias, combined with a general warming of the model has 
beneficial impacts on other aspects of the simulated climate, for example Arctic sea ice volume 
(primarily thickness) is significantly reduced in the updated model, bringing simulated values 
much more in line with observations (Figure 4).  
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Figure 4. Simulation of Arctic sea ice volume from UKESM1 standard and improved SO2 deposition 
versions compared to PIOMAS observations (Axel et. al, 2019).  

  

Subsequently, UKESM1 simulations, with the SO2 deposition modifications active, have been 
extended to 2100, using 1 of the 4 historical ensemble members, forced by ScenarioMIP 
SSP5-8.5 and SSP1-2.6 projections (O’ Neill et al. 2016).  The purpose of these runs was to 
check whether the improvements to the historical temperature record had any impact on future 
projections. From Figure 5, we can see that in the future at the global scale, UKESM1 behaves 
very similarly in terms of surface temperature regardless of the inclusion of the SO2 deposition 
modifications.  This supports the validity of the original UKESM1 ScenarioMIP projections, 
while highlighting the importance of SO2 deposition primarily for accurately simulating the 
historical surface temperature evolution.  

  

Figure 5. Single ensemble member historical and future scenario global mean surface temperature 
anomalies from 1850 to 1900 mean baseline (original UKESM1 in dotted lines; UKESM1 with 

improved SO2 in full lines).  Two scenarios are used (SSP5-8.5 in red; SSP1-2.6 in blue).  A 5-year 
running smoothing has been applied  
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The current aim is to release an updated version of UKESM to the community in summer 2020 
with these improvements included.  
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Bringing fire into UKESM  

Douglas I. Kelley1, Chantelle Burton2, João Teixeira2  

1UK Centre for Ecology & Hydrology, Wallingford, UK ;2Met Office, Exeter, UK  

 

Large-scale fires have been making global headlines over the last couple of years, many of 

which highlight the importance of fire and its feedbacks within the Earth System. In November 

2018 over 80 people were killed in Californian fires that also caused an estimated $27 billion 

in damages (1). Last August, South America saw the largest increase in fire count seen in 

nearly 10 years, probably driven by humans in regions experiencing widespread conversion 

of forest to savanna and agriculture (2). Hundreds of fires burnt throughout the 2019 summer 

in Siberia and Alaska, releasing over 150 Mega tonnes of CO2, and large quantities of black 

carbon that could further accelerate local arctic ice melt (3). Even the UK has even seen some 

burning, including a peatland fire in north-east Sutherland that doubled Scotland's carbon 

emission for 6 days in May 2019 (4). Perhaps the most devastating is the (at time of writing) 

ongoing fires in South Eastern Australia, which has seen unprecedented levels of burning in 

many regions, resulting in 27 deaths and the destruction of over 2000 properties, and 

produced smoke and particulate matter that has been deposited over the Pacific all the way 

to South America (5). Meanwhile, in tropical savannas, which experience regular, and in some 

cases annual burning (Fig. 2), there has been a substantial and sustained reduction in burnt 

area over the last few decades, largely driven by agricultural fragmentation of the landscape 

(6), affecting vegetation assemblages and altering carbon uptake. All this points to a dramatic 

shift in fire regimes worldwide, mainly driven by changes in climate, but also through 

mismanagement of the land (2, 6), with potentially widespread Earth System impacts on 

humans, vegetation dynamics, atmospheric composition and radiative forcing, and even 

ocean biogeochemistry and ice melt (7). 

However, disentangling the complex interplay of climate controls, human manipulation and 

land use has made modelling fire extremely difficult, and many global fire models struggle to 

reproduce even basic fire properties, even when driven by observed climate (8).  Trickier still 

is simulating the feedbacks of fire within the Earth System. Fire emissions and fire driven-

mortality/recovery are poorly constrained in observations and show large disagreements 

between models (8). As a result, CMIP5 only had a small number of ESMs simulating fire, all 

showing familiar problems in reproducing basic trends in global fire emissions, compounded 

by the sensitivity of fire regimes to even small climate biases, and making the assessment of 

wider Earth System feedbacks impractical (9).  

We are attempting to overcome many of the issues when introducing a coupled fire component 

to the UKESM through the development of a simple fire model, INFERNO, purpose-built for 

coarse-scale climate modelling, which is simple enough to be embedded into observations of 

fire and fire drivers using a novel inference optimization scheme. Here, we give a brief 

overview of the fire model and optimization development and highlight some of the key studies 

both have already been used in. 
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Figure 1. INFERNO inputs (grey boxes) and key components (coloured boxes). 

 

INFERNO 

INFERNO (INteractive Fire and Emission algoRithm for Natural envirOnments) calculates 

flammability based on inputs of temperature, relative humidity, precipitation, and saturation 

vapour pressure, and simulated fuel density and soil moisture (Fig. 1). Anthropogenic and 

natural ignitions come from population density and lightning. Flammability and ignitions, 

together with an average burnt area by land cover type, simulate burnt area. Emission factors 

translate burnt area into emissions of CO2, CO, CH4, NOx, SO2, OC and BC, which can be 

fed back through to UKCA. INFERNO was originally implemented in JULES at version 4.6 

(10), and recently updated to include mortality and combustion of vegetation and soil carbon 

at JULES version 4.9 (11), representing additional vegetation-fire feedbacks. It has since been 

updated to version 5.4 to include 17 PFTs and PFT-scaled fire mortality.  

Diagnostic fire, driven directly from UM climate, was included in UM at version 11.1 and 

subsequently incorporated in UKCA at UM version 11.2. At the moment, lightning is read in 

through an ancil, but there will eventually be an option to drive INFERNO from UM lightning 

scheme. The final piece of coupling required for a technically working fire enabled UKESM is 

to incorporate biogeochemical feedbacks from fire when running the UM with a dynamic land 

surface. In the meantime, work is in progress to use output from UKESM data to drive future 

simulations of JULES using interactive fire-vegetation feedbacks. 
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Figure 2. 2001-2014 annual average burnt area (top row) and fire CO2 emission (bottom row) from 

observations (first column) and simulated by JULES-INFERNO (2nd column). Observed burnt area is 

from GFED4s (12) and emission from GFAS (13). 

 

The key points of weakness of JULES-INFERNO, again shared with most other fire models, 

has been high fire incidence in densely populated and cropland areas, and a positive global 

trend in both burnt area and fire emissions (8). Capturing the observed decreased trends in 

fire carbon emissions are of particular concern as this should be a basic requirement of fire 

models used to in climate change studies (6), and yet models tend to only capture this at the 

expense of correct spatial patterns or magnitude of emissions (8). Very few models include 

specific representation of landscape fragmentation effects on burnt area, recently shown to 

be a major driver of decreased burnt area in most of the world’s fire-prone regions (6). 

Including the new representation of separate crop and pasture land use (14), enables us to 

reduce burning in agricultural areas for the first time, improving spatial patterns of burning (Fig. 

2) whilst at the same time showing substantial improvement in trends in emissions. Although 

not yet incorporated into a JULES release, additional representation of landscape 

fragmentation that reaches beyond agricultural extent further improves trends in burnt area 

and emissions (Fig. 3). 

Since it was first implemented in JULES, INFERNO has been part of the global Fire Model 

Intercomparison Project (FireMIP) (15, 16) and has contributed to a number of multi-model 

analysis studies. A multi-model evaluation paper looking at fire model performance, and 

potential causes of model discrepancies, has recently been submitted by Hantson et al. (8), 

in which JULES-INFERNO compares very well to the other 8 models assessed. Another 

assessing the impact of fire-induced tree cover reduction on the carbon cycle was recently 

submitted by Lasslop et al. (17) which includes INFERNO as one of 7 other fire-enabled global 

vegetation models. The results show that fire accelerates the carbon cycle, and reduces tree 

covered area and carbon storage by 10% on average across models. INFERNO has also 

been used for scientific applications, assessing how fire changes through El Niño events such 

as the 2015/16 El Niño (18).  
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Figure 3. 2001-2014 trends in fire carbon emissions. Maps show spatial variation in trends in 

observations from GFAS (13) and simulated by JULES. Time series shows annual CO2 emission 

from GFAS, the newest version of JULES-INFERNO and the previous version of JULES_INFERNO 

(11) 

 

Bayesian Inference Methods 

The simplicity of INFERNO provides us with the opportunity to fuse the model with optimization 

techniques embedded in the ever-increasing wealth of satellite observations of fire. We have 

been developing a Bayesian inference scheme, aiming to quantify uncertainties in fire model 

parameters, while propagating uncertainties and (when driven by UKESM climate) errors in 

climate and observed fire. Mapping uncertainties in parameter space will provide two important 

pieces of information: it will find the overlap between observationally constrained parameters 

and parameters that will simulate fire under inevitable ESM climate biases; or otherwise 

determine areas in which simulation of fire is not possible, and whether it is due to fire model 

structure, limitations from types of inputs (i.e. resolution or available variables), or 

insurmountable climate biases. 
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Figure 4. Modelled and observed fire count for South America. Reproduced from (2). First row: 

observed fire count from Brazil’s National Institute for Space Research (19), Aug 2002-2019 annual 

average (left), Aug anomaly in 2019 (centre), and the number of years from 2002 that 2019 fire counts 

exceed (right). Second row: as top row, as simulated by the model. Stippling represents where model 

uncertainties 5% percentile > half the 95% percentile. 

 

All this is very ambitious, and a fully integrated INFERNO Bayesian Inference scheme is 

probably a few years away. However, our work on parameter optimization has already 

attracted interest from other modelling groups (15), and early development has produced a 

number of interesting results. We have developed a simplified scheme already which uses a 

much less computationally demanding fire model that emulates INFERNOs structure, but runs 

on a monthly timestep and uses inputs readily available from observations (6, 20). This 

simplified scheme has been used to map significant and substantial recent changes in fire 

regime and determine driving controls of these changes. While introducing the concept of 

flammability - an important step for converting to INFERNO (Fig. 1) - we were able to perform 

an assessment of drivers of fire activity in South America, determining which years were driven 

by variations in meteorological conditions and which are as a result of outside drivers, such 

as human land use (2) (Fig. 4). The framework has also been used to estimate the impact 

fires have on tropical tree cover (21), indicating that the reduction from fire-induced stress and 

mortality is much less than is implemented in JULES-INFERNO, and indeed most other fire 

models, though showing increased sensitivity in forested areas (Fig. 5). 
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Figure 5. Decrease in tree cover caused by fires (21). Stippling area indicates low uncertainty on tree 

cover impact. 

 

Conclusions 

Coupling of fire to UKESM has progressed very rapidly in the last couple of years. Technical 

coupling is almost complete, with only a finalised version of UKCA and implementation of 

biogeochemical fire coupling in the UM now outstanding. What might be trickier though, is 

achieving a simulation of fire that provides us with useful information about the change in fire 

regimes over time - something which most modelling groups struggle with even when running 

fire models offline. Our offline runs, however, show promising results which have already been 

useful in a number of important studies. And, while a long way from full incorporation of 

INFERNO, our optimization scheme has already proven useful for assessing the drivers 

behind some of the recent signs of fire regime shift over much of the world. This has all been 

driven predominantly by early career researchers - Chantelle only recently graduated from her 

PhD and Joao is still half way through his studies, which makes the recent progress and high 

impact science we’ve achieved even more impressive. 
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Earth System Music 

Lee De Mora  

PML, Plymouth  

 
Have you ever wondered how a simulation of the climate system would sound?   
  
As part of the UKESM project, I converted some CMIP6 simulations time series data into 
musical notes, then played them through a digital keyboard. Using this method, I produced six 
musical pieces:  
  

1. Earth system allegro - this piece was the first piece in the series and demonstrates 
the concept of musification of model data using some key metrics describing the 
behaviour of the model in the Southern Ocean using data from the historical and the 
SSP1 2.6 (Paris Agreement) scenario.  

2. Pre-industrial vivace - a fast paced piece introducing the concept of the pre-industrial 
control run. This joyful piece in C-major shows simulations of the ocean in the absence 
of human-induced climate change.  

3. Sea surface temperature Aria - a slow-paced piece in A minor which shows the 
impact of the industrial revolution on the Mean Sea Surface temperature.  

4. Ocean Acidification in E minor - this piece shows the relationship between the global 
mean dissolved inorganic carbon and pH in the surface ocean using data from the pre-
industrial control and every UKESM CMIP6 historical run. It also demonstrates how 
the historical simulations branch from the pre-industrial control. The music follows a 
familiar twelve bar blues pattern in E minor.  

5. Giant steps spin up - this piece introduces the concept of the model spin up to a wider 
audience, and the music follows the chord progression of John Coltrane’s Giant Steps 
an infamous and challenging jazz standard.  

6. Seven levels of climate change - this piece repeats the same time period (1975-
2100) under 7 different climate change scenarios. The musical style is arranged such 
that the anthropogenic impact increases along with the complexity of the harmonic 
composition.   

These pieces were uploaded to youtube and have been viewed a total of 577 times over the 
first 3 months. If you would like to hear these pieces, please have a look at the following 
playlist:  https://bit.ly/2rVk5PK    
  

https://bit.ly/2rVk5PK
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Figure. A still frame from the visualisation of the musical pieces. 
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Upcoming events 

Save the Date: 20-21 April 2020 – CMIP6 Analysis Workshop and Poster Session, 
Met Office, Exeter 

Following the successful 2019 UK CMIP6 
workshop, a 2020 CMIP6 Analysis workshop 
will take place at the Met Office in Exeter. The 
aim of this 2-day meeting is to bring together 
UK scientists working on the analysis of CMIP6 

simulations to present and discuss their work. The format will be poster presentations with 
short (2 minute) oral presentations of each poster. A few keynote presentations will frame 
each poster session. 

The meeting will be organized around the 3 CMIP6 overarching science objectives, with a 
4th session targeting the use of CMIP6 simulations in climate impact assessment work and 
for informing policy. We particularly encourage Early Career Scientists to present at the 
workshop. 

Further information will be circulated soon, including details on registration and abstract 
submission. For now, please save the date and ensure other interested researchers and 
students at your respective institutes are aware of this workshop 

On behalf of the UK CMIP6 Analysis Team. 
 

Save the Date: 16-17 June 2020 - UKESM - LTSM Annual Meeting, Leicester 

Please save the date for the next annual meeting for the UKESM-LTSM will take place in 
June at the University of Leicester, Leicester. Further details about this meeting will be 
communicated soon. 
 

 

Recent events 

7-8 January 2020 – UK Volcano-Climate Modelling meeting – Queens’ College, 
Cambridge:  

by Thomas J. Aubry, Anja Schmidt, Sue Loughlin  

The first UK volcano-climate modelling community meeting took place at Queens’ College 
in Cambridge in January 2020. The meeting was attended by 23 researchers from 
universities across the UK, the UK Met Office, the British Geological Survey, and the 
National Centre for Atmospheric Science.  

The meeting built on the strong momentum carried forward by the UKESM project, the 
ability of the model to interactively simulate volcanic sulphate aerosol, and the world-
leading climate science and volcanology communities in the UK. The meeting focused on 
presentations and discussions related to scientific challenges and opportunities as well as 
model capabilities and the UK contributions to international research initiatives such as 
VolMIP. Several PhD students and early career researchers also presented their work in 
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the form of keynotes and lightning talks. Discussion topics included the role of 
observations of recent eruptions (e.g., Holuhraun 2014-2015 and Raikoke 2019) in 
evaluating UKESM and constraining aerosol effects on climate and atmospheric 
chemistry, the impacts of volcanic forcing on climate variability, geoengineering, and to 
enhance our capability to inform decision-makers about the climatic impacts of a future 
large-magnitude volcanic eruption.  

Outcomes from the meeting include the 
establishment of key research questions, 
opportunities and actions that will guide the 
community in the coming years. Attendees 
identified opportunities for collaboration and 
joint analysis of existing or planned model 
experiments with UKESM or UM-UKCA. 
Furthermore, a handful of new experiments 
were proposed, including a historical run in 
which interactive volcanic sulphur dioxide 
emissions will be used instead of prescribed 
aerosol forcing fields, as was done in the 
standard UKESM1 CMIP6 simulations. 

Attendees unanimously agreed to reconvene a second meeting in 2021.  
 

 

Publications 

UKESM1 in the research literature  

by Jeremy Walton  

Following the release of UKESM1 in 2019, a number of technical publications have been 
produced for the peer-reviewed research literature which describe the model and present 
some of its results from several experiments.  The paper which documents the model in 
detail, and which is intended as its standard reference, is:  

• UKESM1: Description and Evaluation of the U.K. Earth System Model by 
Sellar et al. (2019).  https://doi.org/10.1029/2019MS001739  

This appears in a special issue (“The UK Earth System Models for CMIP6”) of the Journal 
of Advances in Modeling Earth Systems that is devoted to the scientific characterisation 
and evaluation of the physical and Earth System models developed in the UK.  Other 
papers of interest in that issue which describe aspects of UKESM1 and HadGEM3-GC3.1 
(the model which forms the physical core of UKESM1) include:  

• Improved Aerosol Processes and Effective Radiative Forcing in HadGEM3 
and UKESM1 by Mulcahy et al. (2018).  https://doi.org/10.1029/2018MS001464  
 

• The Low‐Resolution Version of HadGEM3 GC3.1: Development and 
Evaluation for Global Climate by Kuhlbrodt et al. 
(2018).  https://doi.org/10.1029/2018MS001370  

https://doi.org/10.1029/2019MS001739
https://doi.org/10.1029/2018MS001464
https://doi.org/10.1029/2018MS001370
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Other papers have been submitted for appearance in that issue, including:  

• Implementation of UK Earth system models for CMIP6 by Sellar et al. (2019).  
  

• Spin-up of UK Earth System Model 1 (UKESM1) for CMIP6 by Yool et al. 
(2019).    

• UK Community Earth System Modelling for CMIP6 by Senior et al. (2019).    

In addition, this paper is currently under review in Geoscientific Model Development:  

• Description and evaluation of the UKCA stratosphere-troposphere chemistry 
scheme (StratTrop vn 1.0) implemented in UKESM1 by Archibald et al. 
(2019).  https://doi.org/10.5194/gmd-2019-246   

and this paper has been submitted to the same journal:  

• Description and evaluation of aerosol in UKESM1 and HadGEM3-GC3.1 
CMIP6 historical simulations by Mulcahy et al. (2019).    

Other papers are also in preparation – including one on the evaluations of oceans in 
UKESM1 simulations.  We will update the status of the publications in the next issue of the 
Newsletter.  
 

 

News 

Update on UKESM1 CMIP6 data  

by Jeremy Walton  

As mentioned in earlier articles (e.g. https://ukesm.ac.uk/portfolio-item/ukesm1-cmip6-
deck-and-historical/) we have used UKESM1 to run the experiments prescribed by 
CMIP6.  In particular, we have completed the DECK – consisting of the pre-industrial 
control, the abrupt 4xCO2, the 1pctCO2 and AMIP runs – and historical runs, together 
with the future projection experiments.  The latter consist of seven pathways that explore a 
range of uncertainty in climate projections; we have produced a five-member ensemble of 
results for each pathway (and – currently – fifteen members of an ensemble for the 
historical experiment).    

Following the completion of the simulations, the model output is archived at the Met Office 
before selected variables are extracted, converted into the standard format required by 
CMIP6 and made available on the Earth System Grid Federation (ESGF) for use by 
climate scientists and analysts.  The ESGF data store can be interrogated at https://esgf-
index1.ceda.ac.uk/search/cmip6-ceda/.  At the moment, it contains 53,911 datasets from 
the UK (that is, which have been produced by either the Met Office or NERC).  Here, a 
dataset can be viewed as a variable (e.g. near-surface air temperature) at a frequency 
(e.g. monthly) from an experiment (e.g. historical) run using a model (e.g. 
UKESM1).  Currently, 70% of those datasets come from UKESM1, whilst the remainder 
have been produced by (five) different resolutions of HadGEM3-GC3.1.    

https://doi.org/10.5194/gmd-2019-246
https://ukesm.ac.uk/portfolio-item/ukesm1-cmip6-deck-and-historical/
https://ukesm.ac.uk/portfolio-item/ukesm1-cmip6-deck-and-historical/
https://esgf-index1.ceda.ac.uk/search/cmip6-ceda/
https://esgf-index1.ceda.ac.uk/search/cmip6-ceda/
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The conversion of output is now largely complete for variables of interest at monthly and 
daily frequencies.  We are just about to start work on the selection and conversion of 
variables at subdaily frequencies, which will appear on ESGF in due course.    

For further information about UKESM1 data for CMIP6, or to be kept informed about 
progress with subsequent datasets, please contact Jeremy Walton 
(jeremy.walton@metoffice.gov.uk).  
  

 

Team News 

Recent additions to the UKESM Core Group: 

Phil Harris, UK Centre for Ecology & Hydrology (UKCEH), Wallingford:  Phil joined the 
UKESM core group in October 2019, prior to which he was a UKCEH National Centre for 
Earth Observation staff member working on land-atmosphere interactions and climate 
model evaluation.  He is a long-time JULES user and will be working on the development 
of land surface processes in UKESM.  Phil has a Ph.D. in Meteorology from the 
University of Reading where he investigated the effect of future climate change on the 
Amazon forest.  In recent years he has been using satellite observations to research the 
role of soil moisture on land surface energy fluxes and storm initiation, and using this to 
develop diagnostics for evaluating global climate models. 

Hazel Jeffery, NCAS, Met Office Hadley Centre, Exeter: Hazel 
joined the UKESM core group in December 2019. She is the 
Project Manager for UKESM and CRESCENDO. Prior to joining 
the Met Office Hazel has worked at NERC as Head of Strategic 
Management, in Brussels at the UK Research Office and in a 
European Commission funded research programme and had a 
research career in environmental chemistry at CEH and Harwell. 
  

 

 


