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Introducing UKESM1.1: a new configuration of the UKESM model 
with an improved historical temperature record 

Jane Mulcahy1,  

 1Met Office Hadley Centre, Exeter,  

 

The ability of a model to simulate the historical surface temperature record is generally 

regarded in the climate modelling community as an important, even essential, performance 

criterion for global climate models. UKESM1 has a particularly large cold bias in this 

quantity, peaking in the 1970s to 1980s with a negative bias approaching 0.5K (Sellar et al. 

2019, see Figure 1). An overly strong aerosol forcing has been suggested as a likely leading 

candidate responsible for this bias consistent with increasing anthropogenic aerosol 

emissions during this period (Flynn and Mauritsen, 2020; Andrews et al, 2020). 

Anthropogenic emissions of SO2, a precursor to sulphate aerosol which acts to cool the 

climate, was the predominant source of anthropogenic aerosols during this time and 

UKESM1 has been shown to have a significant high bias in SO2 concentrations over 

anthropogenic source regions of Europe, north-east USA and China (Hardacre et al (2021); 

Jones et al.). Jones et al. demonstrated a significant improvement in simulated historical 

temperature record when an improved parameterization of SO2 dry deposition was 

implemented. If sink processes are too low in UKESM1 the atmospheric residence time of 

SO2 will be too long, more SO2 will be transported away from source regions and will be 

subsequently oxidised to aerosol or removed in more pristine remote regions which are more 

susceptible to aerosol forcing. 

Following on from this we have developed a new configuration of UKESM, UKESM1.1, 

which includes the revised dry deposition of SO2 as its key science change. In brief, the 

updated dry deposition parameterization takes into account whether the underlying land, 

vegetated surface is wet or dry as a result of precipitation (Erisman et al., 1994a) and 

when the land surface is dry, the modelled surface resistance to SO2 deposition is now a 

positive function of near surface humidity (Erisman et al. 1994b). Given its high solubility the 

wetter the surface the higher the uptake of SO2. In addition, a bug was found in the surface 

resistance term for SO2 over water surfaces which further overly inhibited dry deposition.  

The new parameterization leads to a significant improvement (of the order of 50%) in the 

SO2 bias against ground-based observations in UKESM1 (Hardacre et al., 2021). 

In addition to the SO2 changes we furthermore included various other smaller but desirable 

changes to the new configuration. A few bugs were discovered only after the freeze of 

UKESM1 and are corrected here. These include a correction to the updating of sulphuric 

acid vapour in the aerosol scheme when fluxes are passed from the UKCA chemistry; 

updates to the DMS chemical reactions and products in the full StratTrop chemistry scheme 

which make them consistent with the offline oxidant chemical mechanism (see Mulcahy et al. 

2020); a fix for the vertical profile of cloud droplet number concentrations in the aerosol 

activation scheme and a correction to the coupled sea-ice heat fluxes in NEMO. 

In addition, we revise some of the coupled tunings outlined in Sellar et al. (2019). The 

development and tuning of UKESM1 was done using a pre-industrial climate. Subsequent 

evaluation of these tuned parameters in present-day highlighted some retuning was 

desirable to improve agreement with observations. For example, the tuning of the burial of 

https://ukesm.ac.uk/portfolio-item/improved-treatment-of-so2-deposition-reduces-bias-in-the-ukesm1-simulation-of-historical-temperatures/
https://ukesm.ac.uk/portfolio-item/improved-treatment-of-so2-deposition-reduces-bias-in-the-ukesm1-simulation-of-historical-temperatures/
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vegetation by snow and subsequent impact on shortwave clear-sky fluxes was found to be 

slightly positively biased in present-day simulations (Sellar et al. 2019). This parameter has 

been retuned to a lower value in the revised configuration. Simulated dust optical depth 

(DOD) was found to be biased low in UKESM1 (Mulcahy et al. 2020) and so a retuning of 

the dust was conducted during the UKESM1.1 development which increases DOD improving 

agreement with observations but roughly maintains global emission totals. The albedo of 

snow on sea ice was decreased in UKESM1 by 2% (Kuhlbrodt et al 2018) to compensate for 

deficient transport of warm Atlantic water into the Arctic in the lower resolution ocean model, 

ORCA1. As the climate is warmer with the revised dry deposition parameterization we revert 

to the original value as set in the ORCA025 model. Finally, tuning of the quasi-biennial 

oscillation (QBO), through modification of the frequency of convectively generated gravity 

waves, was erroneously omitted in UKESM1 leading to an excessively long QBO period. 

This has been rectified in UKESM1.1 and an improved (shorter) QBO period is seen.  

Having run nearly 500 years of a stable piControl simulation with the final frozen 

configuration, we have also run 6 historical simulations, a 1%CO2 and 4xCO2 simulation 

and an AMIP simulation, completing the full set of DECK simulations. Each historical 

member was initialised from the piControl  using restart files spaced 40 years apart. From 

the end of the first 3 historical members future scenario simulations were run for SSP1-2.6 

and SSP3-7.0 scenarios. 

 

Figure 1: Timeseries of the simulated historical mean surface air temperature anomaly relative to the 
1850-1900 mean for UKESM1.1 and UKESM1 for (a) the full globe, (b) northern hemisphere 

extratropics, (c) tropics and (d) southern hemisphere extratropics. Observations plotted are from 
HadCRUT4 and Cowtan and Way datasets. 
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Figure 1a shows the global mean surface air temperature anomaly timeseries for 6 members 

of the UKESM1 and UKESM1.1 historical ensemble along with the ensemble means for both 

configurations. UKESM1.1 is warmer than UKESM1 throughout the historical period. The 

two models start to diverge from about 1920 coincident with a notable increase in 

anthropogenic SO2 emissions.  A significant improvement (by more than 50%) is seen in the 

anomaly bias against both sets of observations. In particular, the cold “pot-hole” bias is 
improved with UKESM1.1 having much smaller cooling trends in the 1950-1980 period. After 

1990 both models tend to warm at the same rate and UKESM1.1 is slightly too warm by the 

end of the historical period. This later period being dominated by the warming due to 

greenhouse gases hints at a similar climate sensitivity between the two models. Indeed, the 

ECS calculated from the 4xCO2 simulation is 5.27K compared with 5.36K in UKESM1. 

Figure 1b shows that most of this improvement is coming from the NH extratropical region 

with much smaller changes in the tropics and southern hemisphere (Figures 1c and d). 

Further beneficial or neutral impacts are seen in other aspects of the simulated climate. 

Figure 2a shows the impact of UKESM1.1 on the global ocean heat content anomaly in the 

top 700m. Between 1971 and 1991 there is an improved agreement between UKESM1.1 

and the observations in ocean heat uptake with UKESM1.1 having a larger heat uptake. 

From the late 1990s the rate of ocean warming between the two models is very similar. 

Examination of the regional ocean basins shows this stronger heat uptake predominantly 

takes place in the North Atlantic and North Pacific Ocean basins. Arctic sea ice is also 

improved, with reduced sea ice extent and volume improving agreement with observations 

(Figure 2b) 

Figure 2: (a) Timeseries of the ocean heat content anomaly in top 700m normalised to 1971 and (b) 
Arctic sea ice extent for UKESM1 and UKESM1.1 and various observational datasets. 

 

Figure 3 shows the near-surface temperature anomalies relative to an 1985-2014 mean for 

both the SSP3-7.0 and SSP1-2.6 scenarios for the 3-member ensemble in UKESM1 and 

UKESM1.1. While the warming rates are very similar in both scenarios post-2014, the 

UKESM1.1 model appears to warm slightly less in both cases. This could be due to the 

higher baseline aerosol optical depth in UKESM1.1 (driven largely by the higher DOD) 

driving a slightly stronger SW clear-sky cooling but more detailed investigations are ongoing.  
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Figure 3: Global near surface temperature anomalies from 1850 to 2100 relative to 1985-2014 mean 
from a 3 member ensemble of UKESM1 and UKESM1.1  for the SSP3-7.0 and SSP1-2.6 scenarios. 
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The Virtual Trees of UKESM – Improving Our Simulations 

 

Douglas Kelley1, Nathan Betts2, Chantelle Burton3, Rebecca Oliver1, Arthur Argles4, Karina 
Williams3,4, Chris Jones3, Eleanor Blyth1, Rahayu Adzhar1,5, France Gerard1, Li Guangqi6, Lina 

Mercado1,4, Doug Clark1  
 

1 UK Centre for Ecology & Hydrology, Wallingford, 2 National Centre for Atmospheric Science, 
University of Leeds 3 Met Office, Exeter, 4 University of Exeter, 5 Imperial College London, 

Berkshire, 6 University of Stirling 
 

 

In the last issue of the UKESM newsletter we explained why trees are essential in climate 

projections, how we simulate changes in vegetation cover of the land surface and how we 

evaluate tree cover to ensure we are getting a good performance of the model.  In this 

newsletter we look at how to improve our simulation of tree cover. 

 
Improving our simulation of tree cover. 
 

To identify which processes need including or improvement, we first need to know what 

controls the extent of forest cover in the real world, and by how much - another active field of 

research by the UKESM team (Fig. 1). One of the main stresses that affects tree cover that 

is not yet represented in UKESM is fire (see last year’s newsletter ). Fire is one of the most 

challenging terrestrial processes to capture in Earth System Modelling because of its 

extreme nonlinear responses to underlying drivers (Hantson et al., 2016) and small 

deviations in the location in the worlds “fire zones” can have a big impact on our simulation 

of the land surface and the carbon it locks up (Hantson et al., 2020). Getting fire into UKESM 

started with simulating area that has experienced a fire (burnt area) in JULES from observed 

climate, including modelling fires started by lightning strikes, and human interactions with 

landscape such as human ignitions (from stray cigarette butts to agricultural and intentional 

management burns) and land use, as well as simulated fuel loads and fuel moisture 

(Mangeon et al., 2016). Next step was getting the impact on vegetation from this simulation 

of fire right in JULES. Tree mortality isn’t the only impact fire has on forest areas - it also 

consumes and releases dead plant material and carbon locked up in soils back into the 

atmosphere (Bowman et al., 2009) - and both feedbacks are in now JULES (Burton et al., 

2019). The last step is to get the pattern of burnt area fire-feedback working in UKESM, 

along with the extra climate biases that simulating climate introduce (Figure 2). 

 
 

  

https://ukesm.ac.uk/portfolio-item/the-virtual-trees-of-ukesm/
https://ukesm.ac.uk/portfolio-item/bringing-fire-into-ukesm
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Figure 1: How much tree cover extent would increase if it weren’t for different environmental stresses 
and human impacts asand a % of land area 2001-2013. Based on a matching patterns of 

observations of different tree cover controls against VCF observations of tree cover. Additional 

controls not shown are: “Burnt Area” is the area affected by fire; “Rainfall Distribution” is how evenly 
rainfall is distributed throughout the period, represented by mean no. annual wet days; “Temperature 
Stress” uses mean maximum daily temperature of the warmest month. “Population Density” based on 

number of people living in a particular area. Urban, crop and pasture is the area taken up by 

respective human land uses. “All Human Impacts” sums up all human variables.  Mean annual rainfall 

& temperature and available short wave radiation Reproduced from (Kelley et al., 2019b), and data 

sources found and regridded in (Kelley et al., 2019a). 
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Figure 2: The changes in tree cover due to fire in JULES driven run with observed climate  (left) looks 
similar to what we’d expect from the relationship inferred from observations (Fig. 1). But small climate 

biases in UKESM climate (right) can alter this pattern.  

 

Fig. 1 also illustrates another stress that influences tree cover: water stress (panel B: “rainfall 
distribution”). When trees don’t have a plentiful supply of water in the soil around their roots, 
they start to close their stomata, so that they lose less water through them each day. Since 

the smaller stomatal openings also let in less carbon dioxide, water-stressed trees assimilate 

less carbon. This can mean that they no longer out-compete the other vegetation types, so 

tree cover decreases. 

In UKESM, trees can access water in soil up to a depth of 3m. In some parts of the world, 

however, tree roots actually go down much deeper. For example, in the Eastern part of the 

Amazon rainforest, tree roots have been observed at depths of 18m! (Nepstad et al., 1994) 

In this area, the soil gets soaked in the wet season, and the trees reach down to use this 

water in the dry season to keep them going. Because trees in the model can’t reach down as 
far, this can mean that they get more water stressed than their real-world counterparts 

(Harper et al., 2020).   

Tree cover is also affected by heat stress in a lot of the tropics (Fig. 1). This is partly 

because photosynthesis has an “optimum temperature” which usually lies somewhere 
between 15 and 35oC depending on species and geographic location. Photosynthesis 

decreases when temperatures exceed this optimum, resulting in less carbon assimilated for 

trees to grow and expand their cover. In Earth System models this optimum is fixed at one 

value for a given plant type across the world. However, observational studies suggest that 

plants can adapt this optimum temperature to make their photosynthesis more efficient in 

different environments (Kattge and Knorr, 2007; Kumarathunge et al., 2019), and thereby 

remove more carbon from and transpire more water to the atmosphere. This “thermal 
acclimation” of photosynthesis is being introduced into JULES (Mercado et al., 2018), 

whereby optimal temperature adapts to the average ambient temperature of the preceding 

month. This makes a big difference to Gross Primary Production (the carbon fixed by the 

photosynthesis), especially in the tropics and northern latitudes in spring (Fig. 3). When we 

incorporate thermal acclimation into UKESM, we expect to see greater impact under future 

climate change with potentially larger shifts in temperature. 
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Figure 3: Latitude bands of Gross Primary Production simulated by JULES-vn5.6 with and without 
acclimation compared against FluxCom (Jung et al., 2020; Tramontana et al., 2016) (black line) and 

MOD17 (Zhao et al., 2005, 2006; Zhao and Running, 2010) (grey line) “observational” products (Jung 
et al., 2020; Tramontana et al., 2016). Clz (Collatz et al., 1991) and Fq are different ways to model 

photosynthesis. Jac (Jacobs, 1994) and Med (Medlyn et al., 2011) are different stomatal conductance 
models. “Ac” includes acclimation and uses Farquhar photosynthesis and Medlyn stomatal 

conductance, with “KK” using (Kattge and Knorr, 2007) and “DK” using (Kumarathunge et al., 2019) 
acclimation parameterisations. 

 

With all the plants in a grid cell looking the same, UKESM misses a lot of the variation in tree 

sizes that make forests more resilient to change (Moore et al., 2018, 2020) – and might 

explain why trees in many climate models are sometimes slower to recover after 

disturbances like deforestation, droughts or fire (Kelley et al., 2014).  A new vegetation 

model,  “Reduced Ecosystem Demography” (RED), is being introduced into JULES which 
splits the population of plant types into “mass classes”  (Argles et al., 2020). After a bit of 

plant maintenance, some of the carbon captured by photosynthesis can be put towards plant 

growth, which in RED, moves populations of plants into high mass classes. And, once 

finished, disturbance events such as fire can have different mortality rates in different 

classes. The addition of size will enable both more nuance and realism when modelling 

forest responses to drought and fire, and the subsequent regrowth (Fig 4). 
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Figure 4: Reproduced from (Argles et al., 2020). An offline simulation of RED for an “Amazon forest-
like”. (a) and (b) climate starting off with no vegetation cover to demonstrate succession caused by 

growth and competitive dynamics within RED. Fast-spreading PFTs - such as grasses (C3) and 
shrubs (ESh) – become dominant and are then slowly replaced by slower growing but more longer-
lived trees (BET-Tr). Panels (c-e) are time-slices of the forest size structure across each PFT, plants 

grow through mass classes represented by a flow of population from left to right. 

 

 

Because of their historic uptake of carbon, planting trees is often seen as a potential solution 

to climate change, a part of a remedial approach to climate change known as nature-based 

solutions (Griscom et al., 2017). However, forests' ability to take up carbon depends on how 

they respond to future environmental pressures placed on them, especially from climate 

change. Which in turn is influenced by how trees affect their local and global environments. 

Ongoing development and evaluation of the virtual trees in UKESM is therefore an essential 

part of predicting the future of the Earth System. 
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Four Seasons In One Day: The Met Office, Weather, Climate and 
Engagement 

 

Jeremy Walton  

UKESM Core Group & Met Office Hadley Centre 

 

Besides building and supporting the UK Earth System Model and providing science-based 

guidance on future Earth system change, the activities of the UKESM project include 

outreach and engagement.  In this vein, our group has presented at events such as the Blue 

Dot Music and Science Festival and the Royal Society Summer Exhibition, describing how 

our work contributes to studies of climate change and its implications for everyday life.  The 

Met Office (which is one of the partners in the UKESM project) also has a strong outreach 

programme, which has a particular emphasis on educating young people about the wide-

ranging impacts of weather and climate change.  The programme provides resources for 

lessons in schools and, through its STEM (Science, Technology, Engineering and 

Mathematics) Ambassador activity, aims to increase young people’s awareness of Met 
Office science and encourages interest in STEM careers at the Met Office and further afield.   

In addition, the Met Office receives requests from external groups such as the u3a, Probus, 

Women’s Institute, Rotary and science clubs to provide a speaker for one of their meetings.  
The informality of the setting suggests a talk which, whilst informative, is also entertaining.  

The Met Office doesn’t charge a speaker’s fee; instead, the group is asked to make a 
donation to its corporate charity, which is currently Surfers Against Sewage. 

I joined the speaker’s roster shortly after arriving at the Met Office in 2013 – mainly as an 

incentive for me to find out more about its activities before telling people about them.  Since 

then, I’ve given several of these talks to groups up and down the country and have found 
this opportunity to engage with members of the general public about our work to be 

stimulating and – occasionally – surprising. 

The talk describes the origins of the Met Office (see Figure 1), how the weather is forecasted 

and our work in climate science.  The emotional link that people have with the weather is 

always a feature of questions and comments from the audience, although I no longer feel I 

am being held personally responsible for the – increasingly rare – occasions on which the 

forecast has proved to be inaccurate or misleading.  The name of Michael Fish (who 

famously discounted the possibility of a hurricane in his forecast on the BBC a few hours 

before the Great Storm of 1987 hit the UK) invariably comes up, although this can be used 

as part of a discussion of the improvements which have been made in observations and 

modelling in the ensuing thirty-odd years (Figure 2).   
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Figure 1.  The Met Office was set up under Robert Fitzroy (top left) following the loss of The Royal 
Charter in a violent storm in 1859 (right).  Fitzroy was responsible for the first weather forecasts 

(bottom left), a term he originated. 

 

 

Figure 2.  The accuracy of the 1-day forecast can be measured as the difference between the value of 
a forecasted quantity (such as mean sea level pressure, shown here) and the observed value of that 

quantity a day later.  A decreasing difference (note the direction of the y axis) corresponds to 
increased accuracy.  As the period of the forecast increases, it becomes less accurate, but all 

forecasts are improving over time; in fact the accuracy of the 2-day forecast today is about the same 
as that of the 1-day forecast a decade ago. 
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Part of those improvements are due to increased compute power.  For the first hundred 

years of the Met Office’s existence, the forecast was calculated by hand (as in the example 

shown in Figure 1).  Indeed, the word “computer” originally denoted a person who computes; 
when electronic devices were developed mid-way through the last century, they were 

distinguished from the people by the addition of the “electronic” modifier to their names.  

Those people working on the original forecasts would – like all of us – have taken around a 

second to perform a single calculation.  This puts into perspective the speed of the current 

Met Office computer, which can perform twelve thousand million million calculations per 

second.  The resultant improvement in forecasts also helps explain why the Met Office is 

about to move to a newer, faster machine (which the members of the audience have paid 

for, however involuntarily). 

When I started giving these talks eight years ago, I had the impression that audiences were 

more interested in the weather than in the climate: thus for example, I was told by a member 

of the audience at my very first presentation that global warming was simply a hoax dreamed 

up by the government in order to raise his taxes.  That focus has shifted over the years, 

which I think reflects the public’s increased awareness of climate change and its implications 
(in addition, it might be that as the reliability of the forecast has improved it has started to be 

taken more and more for granted).   

Climate change is a scientific subject in which the public has become more interested (at 

least compared to other areas of science) because of its connections to human activities and 

implications for society.  The scale of the problem (both spatial and temporal), together with 

the amount of commitment – at levels ranging from the personal to the national – required to 

mitigate or adapt to its effects, can be daunting (Figure 3).  A sustained degree of public 

engagement and understanding is one of the requirements for mitigation and adaption 

efforts that are successful.  Presenting results which have been recently determined using 

our model (Figure 4) illustrates some of the aspects of climate science, and conveys our 

concerns about what is likely to happen in the future. 

 

Figure 3.  Each year is assigned a colour (on a blue-red scale) corresponding to its average UK 
temperature.  This provides a striking illustration of the way in which the UK has been getting hotter in 

recent years. 
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Figure 4.  Climate models (in this case UKESM1) simulate the behaviour of the Earth’s climate and 
calculate variables of interest (in this case near-surface temperature) over the historical period and for 
different projections into the future.  Temperature is plotted as the difference from its global average 

for 1850-1900, which focusses attention on changes since that period. 

 

Prior to the COVID-19 pandemic, I was giving a few of these talks every year.  The last talk I 

gave in person was to a group in Glasgow at the beginning of 2020, on the day after Storm 

Ciara (Figure 5) caused significant damage to the UK – in particular, major disruption to rail 

services.  I might say that the talk appeared to go down very well indeed, although I think 

that was partly because the group couldn't believe someone had made a 16 hr round trip for 

the sake of an hour's meeting. 

The lockdown has meant that subsequent talks have had to be delivered remotely (usually 

via Zoom or Teams).  Like so many of the changes which we have been forced to embrace 

in the past year, there are positive aspects to this one: specifically, that of accessibility and 

time saved through not having to travel (see above).  In addition, direct communication 

between groups has led to recommendations for speakers and, accordingly, the frequency of 

talks has increased recently so that I am now giving one every couple of weeks.  It remains 

to be seen how much of this new mode of delivery and engagement will be retained as we 

emerge from lockdown. 
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Figure 5.  A few  of the effects of Storm Ciara in the UK (railway from Exeter to Glasgow not shown). 
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Recent events 

UKESM General Assembly 8 & 9 June 2021  

The UKESM General Assembly 2021 took place online enabling a good attendance of over 
60 participants. 

The meeting provided an update on progress for the UKESM project, a look forward for the 
final year of the extension of the project and a series of UKESM related science talks. 
Presentation slides and videos of the main talks are available on the UKESM web site at: 

UKESM General Assembly 2021 – UKESM 

 
UKCA Virtual Meeting – March 2021 

On 26 March this year the UKCA Science Management Group and the UKCA Chemistry 
Working Group held a virtual UKCA community workshop. The virtual meeting framework 
allowed participation from researchers in the UK, Australia and New Zealand. The aim of 
the meeting was to inform the community about the delivery schedule for UKESM2, to 
consider potential science configurations, to obtain an overview of currently ongoing 
UKCA science & development projects and to devise a strategy for the evaluation and 
assessment of the chemistry and aerosol components of UKESM2 drawing from previous 
experience. 

The meeting featured overview presentations from Colin Jones and Jane Mulcahy on the 
UKESM2 timeline, and an overview of lodging code into the UM trunk from Luke Abraham. 
UKESM2 will be built on HadGEM3-GC5 (expected freeze Dec 2021) and is expected to 
become operational and ready for science by the end of 2024. Therefore all new science 
changes need to be ready (code lodged and UKESM science tests completed) by spring 
2022. We therefore encourage people to target the Autumn 2021 deadline for UM code 
lodging. However, it must be noted that there is no guarantee for all new UKCA 
developments to be included in UKESM2 due to resource and time limitations. A recording 
of the meeting, together with slides from the various presentations, is available via the 
UKCA wiki at 
https://www.ukca.ac.uk/wiki/index.php/Meetings/UKESM_UKCA_science_advances_2021 

The meeting gave a broad overview of developments in the UKCA community, including 
the coupling of the INFERNO interactive fire module to the atmosphere and the land 
surface (Burton, Teixeira, UKMO), new treatments of the effects of cloud pH (Turnock, 
UKMO) an entirely new nitrate aerosol scheme (Jones, UKMO), lightning NOx (Luhar, 
CSIRO) and dry deposition (Luhar, CSIRO; Hayman, CEH).  The meeting also heard of 
new chemistry schemes: extension to the default UKCA chemistry scheme to better treat 
urban air quality (Liu, Edinburgh), a version of the Common Representative Intermediates 
including biogenic VOCs (Archer-Nicholls and Weber, Cambridge) and an improved 
treatment of short-lived halogen species (Bednarz, Lancaster).  Important structural 
improvements were also described - future work on the impact of aerosols on photolysis 
(O’Connor, UKMO) - as well as improved coupling of Earth system components via the 
nitrogen cycle (Robertson, UKMO). 

 

https://ukesm.ac.uk/ukesm-general-assembly-2021/
https://www.ukca.ac.uk/wiki/index.php/Meetings/UKESM_UKCA_science_advances_2021
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Figure 1: improvements to the lightning NOx parameterisation by Luhar et al., as discussed in 
Atmospheric Chemistry and Physics, 21, 7053–7082, 2021 

 

The UKCA Science Management Group welcomes participation in the design and forward 
planning of UKCA.  There is a Google Group that you are welcome to join; search for 
“ukca-general”  within googlegroups.com or contact Alex Archibald for more details.  The 
next UKCA CWG meeting will focus on model evaluation - please keep an eye out on the 
mailing list for meeting announcements. 
 

 

Publications 

UKESM in the research literature  

• Description and evaluation of aerosol in UKESM1 andHadGEM3-GC3.1 CMIP6 historical 

simulations https://gmd.copernicus.org/articles/13/6383/2020/gmd-13-6383-2020.pdf  

• Technical note: Low meteorological influence found in 2019 Amazonia fires 

https://bg.copernicus.org/articles/18/787/2021/ 

• Analysis of CMIP6 atmospheric moisture fluxes and the implications for projections of 

future change in mean and heavy rainfall. http://dx.doi.org/10.1002/joc.6777  

• Assessment of pre-industrial to present-day anthropogenic climate forcing in UKESM1 

https://acp.copernicus.org/articles/21/1211/2021/acp-21-1211-2021.pdf  

• Evaluating the physical and biogeochemical state of the global ocean component of 

UKESM1 in CMIP6 historical simulations 

https://gmd.copernicus.org/articles/14/3437/2021/gmd-14-3437-2021.html  

• A decade of GOSAT Proxy satellite CH4 observations. https://doi.org/10.5194/essd-12-

3383-2020 

• An inter-comparison of the mass budget of the Arctic sea ice in CMIP6 models. 

https://doi.org/10.5194/tc-15-951-2021  

• A multi-model CMIP6-PMIP4 study of Arctic sea ice at 127 ka: sea ice data compilation and 

model differences. https://doi.org/10.5194/cp-17-37-2021 

• Effective Radiative forcing from emissions of reactive gases and aerosols – a multimodel 

comparison. https://acp.copernicus.org/articles/21/853/2021/     

• Climate-driven chemistry and aerosol feedbacks in CMIP6 Earth system models. 

https://acp.copernicus.org/articles/21/1105/2021/ 

https://gmd.copernicus.org/articles/13/6383/2020/gmd-13-6383-2020.pdf
https://bg.copernicus.org/articles/18/787/2021/
http://dx.doi.org/10.1002/joc.6777
https://acp.copernicus.org/articles/21/1211/2021/acp-21-1211-2021.pdf
https://gmd.copernicus.org/articles/14/3437/2021/gmd-14-3437-2021.html
https://doi.org/10.5194/essd-12-3383-2020
https://doi.org/10.5194/essd-12-3383-2020
https://doi.org/10.5194/tc-15-951-2021
https://doi.org/10.5194/cp-17-37-2021
https://acp.copernicus.org/articles/21/853/2021/
https://acp.copernicus.org/articles/21/1105/2021/
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• Global methane budget and trend, 2010–2017: complementarity of inverse analyses using 

in situ (GLOBALVIEWplus CH4 ObsPack) and satellite (GOSAT) 

observations. https://acp.copernicus.org/articles/21/4637/2021/acp-21-4637-2021.pdf 

• Attribution of the accelerating increase in atmospheric methane during 2010–2018 by 

inverse analysis of GOSAT observations. 

https://acp.copernicus.org/articles/21/3643/2021/acp-21-3643-2021.pdf 

• 2010–2015 North American methane emissions, sectoral contributions, and trends: a high-

resolution inversion of GOSAT satellite observations of atmospheric methane. 

https://acp.copernicus.org/articles/21/4339/2021/acp-21-4339-2021.pdf 

• Quantifying sources of Brazil's CH4 emissions between 2010 and 2018 from satellite 

data. https://acp.copernicus.org/articles/20/13041/2020/acp-20-13041-2020.pdf 

• Quantifying Progress Across Different CMIP Phases With the ESMValTool. 

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2019JD032321  

• Future sea level change under CMIP5 and CMIP6 scenarios from the Greenland and 

Antarctic ice sheets. 

https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2020GL091741  

• The future sea-level contribution of the Greenland ice sheet: a multi-model ensemble study 

of the Ice Sheet Model Intercomparison Project for CMIP6. https://doi.org/10.5194/tc-14-

3071-2020  

• Historical and future global burned area with changing climate and human demography. 

https://doi.org/10.1016/j.oneear.2021.03.002.  

• Understanding water and energy fluxes in the Amazonia: Lessons from an observation‐
model intercomparison. https://doi.org/10.1111/gcb.15555 

• Converging towards a common representation of large‐scale photosynthesis. 

https://doi.org/10.1111/gcb.15398 

• Modelling the effects of CO2 on C3 and C4 grass competition during the mid-Pleistocene 

transition in South Africa. https://doi.org/10.1038/s41598-020-72614-2  

 

 

News 

UKESM2 – the next generation..  

Looking forward.., UKESM2 will be built on HadGEM3-GC5 (available ~ spring 2022, and 
should be frozen by the end of 2022). The aim is for UKESM2 to be “operational” / science 
ready about the end of 2024/start of 2025. Some of the proposed developments include: 

• Workhorse will stay at N96L85 – ORCA1L75 
• Have an exploratory configuration at higher resolution (using hybrid approach) 
• An ability to run the model with emissions of CO2, CH4  
• Interactive Antarctic and Greenland ice sheets as standard 
• Wildfires interactive and coupled to carbon cycle and atmospheric composition 

https://acp.copernicus.org/articles/21/4637/2021/acp-21-4637-2021.pdf
https://acp.copernicus.org/articles/21/3643/2021/acp-21-3643-2021.pdf
https://acp.copernicus.org/articles/21/4339/2021/acp-21-4339-2021.pdf
https://acp.copernicus.org/articles/20/13041/2020/acp-20-13041-2020.pdf
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2019JD032321
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2020GL091741
https://doi.org/10.5194/tc-14-3071-2020
https://doi.org/10.5194/tc-14-3071-2020
https://doi.org/10.1016/j.oneear.2021.03.002
https://doi.org/10.1111/gcb.15555
https://doi.org/10.1111/gcb.15398
https://doi.org/10.1038/s41598-020-72614-2
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• Thermal acclimation of plant photosynthesis 
• Improved representation of human land use 
• Nitrate aerosol 
• Improved stratospheric ozone 

Scientists wishing to contribute new developments to UKESM2 should 
contact Jane Mulcahy (jane.mulcahy@metoffice.gov.uk) to outline their 
plans. You can find more information on the process and timelines on the 
UKESM trac homepage.  

 

Whilst we were finalising the report on the 5-year UK coordinated CRESCENDO project, 
we have also been engaged in the start-up of a new EU research project ESM2025 with 
our European partners. The project is led by Météo France (MF-CNRM) and aims to 
develop the next generation of Earth System Models (ESMs). This will take a step forward 
in providing relevant climate simulations for the development of ambitious and realistic 
mitigation and adaptation strategies in line with the Paris Agreement 

The project started on 1st June 2021 and you can follow the developments on Twitter at 

@esm2025_eu and soon on the new website. 

UKESM Catch-up Videos 

Missed any of the exciting science talks at the UKESM General Assembly? Want to catch 
up with European ESM developments through CRESCENDO? We have recorded key 

science talks and put them on the UKESM Youtube channel for your perusal. UK Earth 
System Modelling - YouTube 

 

 

mailto:jane.mulcahy@metoffice.gov.uk
https://code.metoffice.gov.uk/trac/UKESM/
https://www.youtube.com/channel/UCNbbzj7NGq393xLgEbpRkOg
https://www.youtube.com/channel/UCNbbzj7NGq393xLgEbpRkOg

