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Evaluation of sulphur species and improved SO2 dry deposition 
parameterization in UKESM1 

Catherine Hardacre1, Jane Mulcahy1, Richard Pope2, Colin Jones3, Steve Rumbold3, Can Li4,5 

 1 Met Office, Exeter, 2 School Earth and Environment, University of Leeds, 3 National Centre 
for Atmospheric Science (NCAS), 4 Earth System Science Interdisciplinary Center, University 
of Maryland, USA, 5 Atmospheric Chemistry and Dynamics Laboratory, NASA Goddard Space 

Flight Center, USA 

 
Emissions of SO2 can be oxidised to form sulphate (SO4

2-) aerosol, which plays a key role in 
both acid deposition, atmospheric aerosol loading and cloud properties, thereby directly 
influencing the Earth’s radiative balance. An accurate representation of sulphur processes in 
models is therefore essential to constrain uncertainties associated with the impact of aerosols 
on the global climate. Although the global atmospheric loading of sulphur compounds has 
generally decreased since the 1980’s, there is substantial regional variation. For example, 
legislation has driven reductions in SO2 emissions and subsequently sulphate aerosol in 
Europe and North America, but emissions in Asia continue to increase (Aas et al., 2019). It is 
important that models can capture these trends and the resulting climate response so that 
confidence can be placed in simulations of future climate change. 

In this study we evaluate surface SO2 and sulphate concentrations simulated by UKESM1 
against observations from ground based measurement networks in the USA and Europe for 
the period 1987–2014. We also evaluate simulated total column SO2 (TCSO2) in UKESM1 
against observations from a new retrieval product from the Ozone Monitoring Instrument (OMI) 
on the Aura satellite (available at: 
https://aura.gesdisc.eosdis.nasa.gov/data/Aura_OMI_Level2/OMSO2.003). 

We use 4 members from the 19 member historical ensemble that was completed for 
UKESM1's contribution to CMIP6 (Sellar et al., 2019). We also use a further 4 historical 
simulations in which we modify the model's SO2 dry deposition parameterization to increase 
SO2 removal from the atmosphere. 

We used ground based observations of surface SO2 and sulphate concentrations, as well as 
observationally constrained estimates of SO2 dry deposition from the Clean Air Status and 
Trends Network (CASTNet; Finklestein et al., 2000; see 
http://epa.gov/castnet/javaweb/index.html ) and the European Monitoring and Evaluation 
Program (EMEP; Torseth et al., 2012; see http://ebas.nilu.no/). CASTNet provides surface 
observations of mean seasonal SO2 and sulphate concentrations, and SO2 dry deposition 
which are available from 1987 to the present day at 97 sites. In this study we used 
observations from the CASTNet sites designated as “western reference" (USA-W) and 
“eastern reference” (USA-E). These sites have been reporting measurements since at least 
1990 and are used for determining long term trends (EPA - National Air Quality and Emission 
Trends Report, 2000). They are located west and east of 100° longitude respectively and are 
generally subject to different pollution regimes due to the much larger number of SO2 sources 
in the eastern USA region. Surface SO2 and sulphate concentrations have been monitored at 
EMEP sites for the period 1972 to the present day. In this study we use data from 144 SO2 
sites and 99 sulphate sites, although not all sites have measurements over the full period. No 
SO2 dry deposition data were available from EMEP. The OMI TCSO2 product was available 

https://aura.gesdisc.eosdis.nasa.gov/data/Aura_OMI_Level2/OMSO2.003
http://epa.gov/castnet/javaweb/index.html
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for the period 2005 – 2014 (Li et al., 2020). Further details on the OMI TCSO2 product, how it 
was processed to obtain TCSO2 concentrations and the assessment of the temporal 
resolution is given in Pope et al., (2020). 

We find that UKESM1 captures the historical decrease in surface SO2 and sulphate 
concentrations in both the USA and Europe over the period 1987 – 2014 (see Figure 1). 
UKESM1 is also able to capture the spatial pattern of higher concentrations in USA-E, where 
there many more SO2 sources compared with USA-W. However, in USA-E and Europe, 
UKESM1 over predicts surface SO2 concentrations with simulated (observed) values of 20.36 
µm-3 (6.31 µm-3) and 11.12 µm-3 (3.29 µm-3) respectively. In the cleaner USA-W region, the 
absolute bias is smaller, with simulated and observed values of 6.45 µm-3 and 0.53 µm-3 and 
for 1987–2014, but the normalised mean bias (NMB) is large (NMB = 11.6) compared with 
values of between 2.2–2.4 for USA-E and Europe over the same period. UKESM1 has small 
negative biases in surface sulphate concentrations in USA-E and Europe, where the simulated 
values of 3.17 µm-3 and 2.19 µm-3, respectively, are under-predicted relative to the observed 
values of 4.19 µm-3 and 2.82 µm-3. In contrast, UKESM1 over predicts surface sulphate 
concentrations in USA-W with simulated and observed values of 1.14 µm-3 and 0.74 µm-3 
respectively. 

 

Figure 1: Time series of observed and modelled surface SO2 concentration (top row), sulphate 
concentration (middle row) and SO2 dry deposition (bottom row) for USA-W (left column), USA-E 

(middle column) and Europe (right column). 

 
Figure 2 shows that UKESM1 over-predicts TCSO2 over much of the globe, but particularly 
over the source regions of India, China, the USA and Europe, and volcanic sources. In these 
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areas UKESM1 over-predicts TCSO2 by 0.6–1.0 Dobson Units (DU). Over the background 
regions, including much of the ocean, the model over predicts TCSO2 by up to approximately 
0.3 DU. UKESM1’s over-prediction of TCSO2 is generally greater during the winter season. 
The model’s over-prediction of TCSO2 over land and source regions agrees with the 
comparison with the EMEP and CASTNet observations (see Figure 1a-c). Further, as seen in 
the ground-based observations, the satellite data shows an East-West divide in the USA with 
greater TCSO2 in the eastern USA compared with the western USA. 

 

 

Figure 2: Median total column sulphur dioxide (TCSO2; Dobson units, DU) for 2005–2014 for 
UKESM1 in December-January-February (DJF),(a); UKESM1 in June-July-August (JJA), (b); OMI in 

DJF, (c); OMI in JJA, (d); UKESM1 - OMI in DJF, (e), and UKESM1 – OMI in JJA (f). Model fields 
have been spatio-temporally co-located with the OMI overpasses and the satellite air mass fractions 
updated to account for the model vertical structure. OMI data has been filtered for volcanic events, 

with associated model samples excluded as well. 

 
Figure 1 and Figure 3 show the impact of the changes to the SO2 dry deposition 
parameterization on UKESM1’s simulation of surface SO2 concentration, surface sulphate 
concentration, SO2 dry deposition and TCSO2. Figures 1a, 1b and 1c clearly show that the 
changes to the SO2 dry deposition parameterization reduce surface SO2 concentration in all 
three regions and thus reduce UKESM1’s positive bias. Figure 3 shows that TCSO2 is reduced 
in UKESM1-SO2 relative to UKESM1 and that the comparison with OMI is therefore 
moderately better. In Figures 3a and b, the absolute difference in UKESM1-SO2 – OMI 
TCSO2 was 0.3–0.5 DU over source regions and 0.1–0.3 DU over background regions. This 
represents a decrease in the global TCSO2 for model – OMI bias of 20–30%. Over the outflow 
regions (e.g. off the USA eastern seaboard), TSCO2 has reduced by 30–50%. Over the source 
regions, this varies by 30–50% over South East Asia, 20–30% over Europe and 10–30% over 
the USA. 
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However, in increasing SO2 dry deposition flux the existing positive bias observed at the 
CASTNet sites has been exacerbated, with bias in the mean annual flux increasing from 
7.3×10-5 kg m-2 y-1 to 1.0×10-4 kg m-2 y-1 in USA-W and from 1.9×10-4 kg m-2 y-1 to 4.5×10-4 kg 
m-2 y-1 in USA-E (see Figures 1g and 1h). Negative model bias in surface sulphate 
concentrations is also exacerbated by the changes to the SO2 dry deposition parameterization 
in the polluted regions of USA-E and Europe, but UKESM1’s over prediction of surface 
sulphate concentration in USA-W is reduced. 

 

Figure 3: Median TCSO2 (DU) differences (model - OMI) for 2005 to 2014 for UKESM1 – OMI in DJF, 
(a); UKESM1 – OMI in JJA, (b); UKESM1-SO2 – OMI in DJF, (c) and UKESM1-SO2– OMI in JJA (d). 

 
The evaluation of UKESM1 SO2 against ground based and satellite observations suggests 
that the model over predicts atmospheric concentrations of this species. This may result from 
too little removal of SO2 from the atmosphere, or too high emissions. The two main removal 
pathways for SO2 are oxidation to sulphate and deposition (both wet and dry) to the Earth’s 
surface. In investigating changes to the parameterization of SO2 dry deposition in UKESM1 
we find that we can reduce the simulated atmospheric SO2 concentrations through increased 
dry deposition. This reduces the positive model bias in surface SO2 concentrations in the USA 
and Europe, and in TCSO2 across most of the globe. We have also demonstrated that this 
leads to a decrease in the simulated atmospheric loading of sulphate aerosol and a moderate 
reduction in the UKESM1 mid-century cold bias. However, the comparison between UKESM1 
and the ground-based observations of sulphate and SO2 dry deposition show that UKESM1’s 
bias in surface sulphate concentrations and SO2 dry deposition flux increases when the 
changes to the parameterization of SO2 dry deposition are included in the model, suggesting 
that uncertainty also exists in other parts of UKESM1’s representation of the sulphur cycle. 
This evaluation of UKESM1’s surface sulphate concentrations agrees with Mulcahy et al., 
(2020) who suggest that the conversion of SO2 to SO4

2- in Europe and USA-E is oxidant 
limited, rather than SO2 limited. The role of oxidation will be addressed in future research 



UKESM Newsletter  Issue No 12 – January 2021 

 6 

UKESM1 uses SO2 emissions from CMIP6 (Coupled Model Intercomparison Project Phase 6, 
Erying et al., 2016). In comparing these with the HTAP-OMI (Liu et al., 2018; 
https://avdc.gsfc.nasa.gov/pub/data/project/OMI_HTAP_emis/) and EDGAR (Crippa et al., 
2018; https://edgar.jrc.ec.europa.eu/overview.php?v=432_AP) data sets, Pope et al., (2020) 
showed that the total global SO2 emissions in CMIP6 (115 Tg y-1) are moderately larger than 
the HTAP-OMI emissions (100 Tg y-1). Notably, while the HTAP-OMI and EDGAR emissions 
are higher in regions containing large point sources, the CMIP6 emissions are larger in the 
majority of other areas. This may therefore contribute to the model’s positive bias in surface 
SO2 concentration and TCSO2, particularly over remote regions. 

Overall, we find that UKESM1 is able to capture the temporal and spatial patterns in surface 
SO2 concentration, surface sulphate concentration, SO2 dry deposition and TCSO2. However, 
compared to observations we find that the model is biased, depending on the parameter, 
region and species. We reduce model bias in surface SO2 concentrations and TCSO2 by 
improving the dry deposition parameterization, but model biases are also likely to result from 
uncertainty in oxidation and the prescribed SO2 emissions. We find that the evaluation of 
UKESM1 against satellite data is robust, and although temporally limited to 2005–2014, can 
provide a valuable insight into the model’s ability to represent atmospheric SO2 global scale, 
particularly over the ocean and other remote regions. 
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Using UKESM1 to model the climate response to reductions in 
emissions caused by COVID-19 

 

Jeremy Walton 13, Steve Rumbold 12, Yongming Tang 13 and Chris Jones 3 

1UKESM Core Group, 2National Centre for Atmospheric Science,  3Met Office Hadley Centre 

 

Many countries responded to the COVID-19 pandemic by restricting travel and other activities 
in 2020.  This in turn caused a temporary reduction in emissions of CO2 and other greenhouse 
gases,  as well as ozone and aerosol precursors.  We have used UKESM1 to investigate 
whether these reductions have any impact on the Earth’s climate in the near future. 

The magnitude and distribution of the reduction of greenhouse gas emissions  due to COVID-
19 have been determined by several research groups using both bottom-up estimates (based 
on sector activity data) and top-down analysis (using atmospheric observations) during 2020.  
The magnitude of these reductions appears to be small, but the long lifetime of CO2 and CH4 
suggests that their impact could be long-lived.   

Using this data, Forster et al. [1] have developed an emissions reduction scenario which posits 
an initial drop in emissions of around 35% for NOx, 27% for CO2 and 5% for CH4 during the 
first four months of 2020, followed by a period of around two years during which emissions 
remain constant before rising back to pre-2020 levels.  These emissions have been collated, 
gridded and made available for use by CMIP Earth system models [2]; in addition, a modelling 
protocol has been developed [2] to investigate the impact of emissions reductions on climate, 
using the scenario of Forster et al. [1]. 

We have used forcings from the so-called Two-Year Blip emissions scenario [1] to run 
simulations with UKESM1.  Because we are investigating the effect the reductions have on 
future climate, we need a baseline against which to measure changes.  The SSP2-4.5 
scenario has been selected [2] for this – specifically, simulations are run parallel to SSP2-4.5 
up until the beginning of 2020, when the new forcings are applied.   

Since the effect is likely to be small, we need to run an initial-condition ensemble with a large 
number of members in order to better enable detection of a climate change signal.  Initially 
(i.e., prior to this study), our UKESM1 SSP2-4.5 ensemble contained five variants, whilst the 
UKESM1 historical ensemble consisted of sixteen members, each of which can act as the 
starting point for a scenario run.  Accordingly, we first ran eleven new SSP2-4.5 experiments, 
and then sixteen Two-Year Blip runs.   

Global annual means for three variables are plotted in Figure 1 for the period 2020-2024.  We 
show the results for each of the sixteen variants for each ensemble and, for each variant, the 
difference between the result for Two-Year Blip and that for SSP2-4.5. 

Figure 1 shows that, for 2020, there is a reduction in aerosol optical depth (AOD) at 550 nm 
whose magnitude is greater than the standard deviation of the ensemble.  Beyond this point, 
the size of the reduction decreases (becoming statistically insignificant after two years) as 
emissions reductions recover to baseline scenario levels.  This behaviour is reflected in the 
amount of solar radiation reaching the surface (see Figure 1), which increases somewhat in  
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Figure 1:  Annual mean, global average variables from UKESM1 simulations for SSP2-4.5 and Two-
Year Blip experiments, for Aerosol Optical Depth (top), Downward Shortwave Radiation (middle) and 
Surface Air Temperature (bottom).  Plots on the left show results from each of the sixteen variants in 

the ensembles, while those on the right show the ensemble of differences (Two-Year Blip minus 
SSP2-4.5), the ensemble average (heavy line) and standard deviation (shaded area). 
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2020 (by an amount less than the standard deviation).  As in the case of AOD, the positive 
anomaly quickly recovers before becoming negligible from 2022 onwards.   

By contrast, globally averaged surface air temperature (see Figure 1) shows no significant 
change for any year.  This is also the case for globally averaged precipitation (not shown here), 
implying that the impact of the change in radiation on surface climate at a global scale is very 
small.  The spatial distribution of the Two-Year Blip anomaly for surface air temperature is 
shown in Figure 2.  The difference is positive over northern Russia and Antarctica, and 
negative in the Arctic, but the effect is small (specifically, the absolute magnitude of the 
anomaly is only about a quarter of a degree Celsius).   

 

Figure 2:  2020-2024 mean of surface air temperature anomaly from UKESM1 for Two-year Blip 
experiment. 

 

The results we have presented in this article form part of our contribution [3] to CovidMIP, a 
coordinated Model Intercomparison Project which aims to use several Earth System models 
to run prescribed simulations [2], one of which is the Two-Year Blip experiment described 
here.  To date, eleven models (including UKESM1) have performed over 280 runs using 
multiple initial-condition ensembles.  The reduction in aerosol amounts, the increases in 
radiation at the surface and the weak climate signal which we have found with UKESM1 are 
consistent with the consensus found from the other models.  More details about CovidMIP and 
the results from the multi-model ensemble for the Two-Year Blip experiment for the period 
2020-2024 can be found elsewhere [3].  

In addition to Two-Year Blip, Forster et al. [1] created a set of scenarios spanning possible 
future economic recovery strategies: Fossil-Fuelled Recovery, which sees an increase in 
anthropogenic CO2 emissions relative to SSP2-4.5 after 2020 consistent with investment in 
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more traditional fossil-fuel based energy production, Moderate Green Stimulus, where 
anthropogenic CO2 emissions are reduced post-2020 consistent with an enhanced investment 
in environmentally-friendly technologies, and Strong Green Stimulus, in which a greater 
proportion of gross domestic product is devoted to this enhanced investment.  All of these 
scenarios (including the Two-Year Blip) are defined over the period 2020-2050, and have 
become part of the CovidMIP set of experiments [2].   

We have used UKESM1 to run the full extent of each scenario (using an initial-condition 
ensemble set up in the same way as the Two-Year Blip runs described here) and are in the 
process of transferring the results to the CMIP6 data archive on the Earth System Grid 
Federation [4].  Note that this repository already contains the data we have used in CovidMIP 
[3] to date. 

This investigation of the impact of COVID-19 on global climate is still in its infancy, and analysis 
of the results from the other scenarios is currently under way.  In addition, Jones et al. [3] have 
identified further areas of analysis which would be fruitful; these include fixed-SST simulations 
to facilitate the quantification of changes to effective radiative forcing due to emission 
reductions, and more detailed examination of local effects, changes in extremes, and the 
influence on atmospheric circulation. 

The 2020 pandemic has had an impact on many aspects of human life on Earth, including 
health, economics and society.  However, its scale also gives us an unprecedented 
opportunity to study how the planet’s climate responds to anthropogenic changes in its 
atmosphere.  The work described in this note and elsewhere [3] will help advance our 
understanding in this important field. 
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The Virtual Trees of UKESM 
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The Earth’s forest, covering almost a third of the land surface, plays a vital role in our weather 
and climate. Around us, trees are continually exchanging water, carbon, and energy with the 
atmosphere. When we include trees in UKESM, we have to consider how they might affect 
rainfall, cloud formation, chemistry and global temperature rise. But the world's forests are 
sensitive to global environmental change - some driving an expansion of forests, some 
impeding their ability to help regulate their local services and global climate. Getting our trees 
as close to the real world as possible is therefore critical to the performance of UKESM. 

Join us on a deep dive into the Earth System Model world of virtual forests, as we explore how 
climate modellers are simulating and evaluating tree cover in UKESM. We expand on the 
themes running through our National Tree Week interview, published by the National Centre 
for Atmospheric Science, such as how we 'grow' virtual forests, and how we can improve tree 
cover simulation. 

 

Why trees are essential to climate projections 

Forests have far-reaching effects on our climate - some local but also throughout the Earth 
System.  Locally, forests often darken the Earth’s surface albedo (the planet’s ability to reflect 
sunlight). In some areas, forestation activities could have a warming effect on our climate 
(Betts, 2000), while in colder regions, where warming conditions allow trees to creep into areas 
that would have been previously too cold, more dark vegetation sticks out above the reflective 
snow in the winter, further accelerating local warming (Turton, 2017). 

Trees also act as fountains (Pearce, 2019), pulling moisture from the ground and releasing it 
as water vapour through tiny pores in their leaves, known as stomata. They also trap rainwater 
on their leaves and stems before it reaches the ground and recycle it back into the atmosphere. 
This evaporation of water can be up to half of the total rainfall, and the combined transpired 
and intercepted water form clouds and rain above and downstream of the forests. As well as 
this rainfall-recycling activity, the forests act to pull more rainfall from the atmosphere as their 
bulkiness slows the air down, causing convergence, or squeezing, of the air-water body. In 
fact it is considered that the rainforests would not exist without the increased rainfall due to 
the convergence and the rainfall recycling. Forests also act as carbon sinks, holding an 
estimated ~300 Pg carbon (Köhl et al., 2015). As plants also obtain carbon dioxide for 
photosynthesis through stomata openings, increased CO2 in the air allows trees to either 
increase growth or survive better in dry conditions by closing their stomata and reducing 
transpiration while still assimilating the same carbon levels. Combined with expanding tree 
lines in cold climates, trees have removed up to a quarter of the carbon dioxide emitted by 

https://ncas.ac.uk/the-future-of-our-forests-climate-change-and-trees/
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humans (Friedlingstein et al., 2020), locking it in their wood for decades or centuries. There 
are, however,  signs that increased uptake and forest expansion might be becoming less 
effective at absorbing carbon (Brienen et al., 2015; Wang et al., 2020). Hotter temperatures 
are putting the microbes that release woodland carbon back into the atmosphere into overdrive 
and making water or heat stress that trees experience worse in warmer climates (Duffy et al., 
2021). Changing rainfall patterns or intensity reduces the amount of water available for forests 
to grow in some places. While changing climate is also leading to more forest fires (Kelley et 
al., 2019a), releasing more carbon (Burton et al., submitted) and potentially more disease and 
pest spread. And ontop of all of this, deforestation, particularly in South America and Africa, 
has driven a decline in global forest carbon stocks for the last couple of decades (Köhl et al., 
2015). Many of the most advanced Earth System Models try to capture all these interactions 
so that they can work out how forests might change in the future, and what role these changes 
play at controlling or accelerating climate change. 

 

 

 

Figure 1: Global tree (left) and grass (right) cover, taken from VCF observations (DiMiceli et al., 2017) 
(top), gridded as per (Adzhar et al., submitted); tree cover simulated by JULES-ES (middle); UKESM 

(Sellar et al., 2019) (bottom). 
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How does UKESM grow forests? 

A lot of today's climate models represent many of the tree's essential interactions with climate, 
including the effects they have on the land albedo, water exchanges with the atmosphere and 
in some cases, with rivers and river flow. Some climate simulations even consider the amount 
of carbon taken up from photosynthesis. “Physical only” models, such as the Met Office's latest 
HADGEM3-CG3.1 (Williams et al., 2018), prescribe what kind of vegetation grows where and 
where other land-cover types are (e.g. cities) using observations of today's land surface, 
making the simulation of today's climate much more accurate and stable. But not allowing the 
land cover to change in the future means the model doesn’t capture changes to many of these 
important feedback mechanisms  - which can have an enormous impact under some of the 
most extreme future emissions and climate change scenarios. So in UKESM, we simulate 
changes in vegetation cover of the land surface over time. 

Rather than try to represent the millions of plant and tree species, UKESM instead simulates 
changes in a small number of plant “types”. We have 9 natural types, which includes 5 different 
trees (Harper et al., 2016). They are split by leaf type, either broadleaf which include trees like 
the big leaved sycamores, or needeleaf such as fir trees; whether they retain their leaves all 
year round, or if they lose them, whether it is in the winter or dry season; and if they are found 
in the tropics, temperate regions or in colder climates. Within each grid cell the entire 
population of a plant type behaves in the same way. For example, in a single grid cell, all 
broadleaf evergreen trees will grow together and shrink together (Clark et al., 2011). These 
different plant types can grow, compete against each other for light and water, and are killed 
by events like droughts and fires. We also simulate deforestation, with farming competing for 
space with forests of much of the world (Burton et al., 2019; Robertson, 2019). The action of 
the trees to recycle the water back to the atmosphere is modelled through incorporating 
equations that describe the impact of wind, sun, temperature and humidity on the drawing up 
of the water through the tree trunks, the leaves and the wet leaves (Clark et al., 2011).  

 

How we evaluate tree cover in UKESM 

Given how important trees are in the Earth System, getting tree cover right is vital for any 
Earth System model. We, therefore, spend a lot of our time comparing our simulated forests 
to observations to check performance is good enough and to target new development. There 
are three causes of mismatch between UKESM and observations: 1) How we simulate trees; 
2) how we simulate the climate that trees rely on; 3) biases in the observations 
themselves.  We can work out if a mismatch is caused by climate by also comparing JULES - 
the underlying land surface scheme - to observations when it’s driven with real-world 
climate.For example, UKESM does get forests in the right places, and removal and release of 
carbon from the atmosphere by forests are similar to what we see in the real world. But it is 
the transitional areas - the vegetation types between forest and grassland such as tropical 
savannas with sparse but significant tree cover, where UKESM shows room for improvement. 
At the wet end, there is often too much tree cover in UKESM, while deserts extend too far at 
the dry end (Fig. 1).  When we drive JULES with observed climate, deserts and grasslands 
have similar extents to observations, but forests still grow too far into savannas. This shows 
the lack of savannas is because of too little moisture input from the climate model in semi-arid 
areas, and some missing or misrepresented process that limits the spread of JULES forests.  

 

https://ukesm.ac.uk/portfolio-item/first-analysis-of-scenariomip-projections-from-ukesm1-in-the-context-of-global-warming-thresholds/
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Or it could be an underestimation of savanna tree cover in observations. Modellers normally 
evaluate ESMs against observations derived from Earth observation (EO) products - normally 
from satellite data which is a faster, more cost-efficient way of measuring trees than labour-
intensive fieldwork on the ground. EO tree cover is also used in place of field data to measure 
key conservation indicators such as biomass and carbon stocks. However, while EO products 
have a good track record in estimating tree cover in densely-forested areas, some of the 
UKESM teams research shows that EO products have an inherent tendency to underestimate 
woody cover in non-forest (see Fig. 2) (Adzhar et al., submitted). Underestimating tree cover 
leads to lower derived carbon stock and biomass estimates, making complex, biodiverse 
savannas seem barren and unproductive when viewed via EO. While the underestimation in 
EO cover probably doesn’t explain all of the extra forest cover found in JULES, future 
validation and calibration of the data using field data will help us to avoid growing trees in the 
model in areas where they shouldn't be. 

 

Figure 2: Tropical areas where the VCF tree cover product (an example EO product) might not get 
tree cover quite right. Blue is areas where VCF likely underestimates tree cover, red is areas where it 
likely overestimates. The darker the shade, the more likely the under or overestimation. Reproduced 

from (Adzhar et al., submitted) 

 
In the next UKESM newsletter we’ll explain more about improving our simulation of tree 

cover. 
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Recent events 

Climate Science2policy workshop with the EU 

UKESM is one of the partner modelling systems in a European funded project, 
CRESCENDO (Coordinated Research In Earth Systems And Climate: Experiments, 
Knowledge, Dissemination And Outreach). CRESCENDO, along with a cluster of Horizon 
2020 Climate and Earth System Science projects, took part in the Climate Science2Policy 
workshop on 17 and 18 November 2020. The workshop was organised by the European 
Commission, Executive Agency for Small and Medium-sized enterprises (EASME), which 
facilitates interactions with policy directorates in the European Commission. 

The workshop presented the latest scientific results on climate sensitivity and on the 
physical science of climate change, as well as identifying key policy-relevant messages 
and future research needs. Please follow the links below to visit the wealth of material that 
was generated by the workshop.  

• Theme 1: Evaluations of climate models: Video and presentations 
• Theme 2: Climate projections and predictions, and extreme 

evants: Video and presentations 
• Theme 3: Carbon budgets, including climate factors in the Covid-19 

pandemics: Video and presentations 
• Theme 4: Clouds and aerosols: Video and presentations 
• Theme 5: Oceans and polar processes: Video and presentations 
• Theme 6: Tipping points: Presentations 
• Cross-cutting theme 1: Communicating and disseminating results in Horizon 

2020: Presentations 
• Cross-cutting theme 2: Computing and data infrastructure: Presentations 

 

Publications 

UKESM in the research literature  

• Quantitative assessment of fire and vegetation properties in simulations with fire-
enabled vegetation models from the Fire Model Intercomparison Project. 
https://gmd.copernicus.org/articles/13/3299/2020/ 

• Aerosol‐Forced AMOC Changes in CMIP6 Historical Simulations. 
https://doi.org/10.1029/2020GL088166 

• The evaluation of the North Atlantic climate system in UKESM1 historical simulations 
for CMIP6. https://doi.org/10.1029/2020MS002126 

• Earth system music: music generated from the United Kingdom Earth System Model 
(UKESM1). https://gc.copernicus.org/articles/3/263/2020/ 

• Resolving and Parameterising the Ocean Mesoscale in Earth System Models. 
https://doi.org/10.1007/s40641-020-00164-w 

• Modelling the effects of CO2 on C3 and C4 grass competition during the mid-
Pleistocene transition in South Africa. www.nature.com/articles/s41598-020-72614-2 

https://youtu.be/355zTPVeij0
https://ec.europa.eu/easme/sites/easme-site/files/cs2p_-_theme_1_-_presentations_0.zip
https://youtu.be/4tWsJiZDavc
https://ec.europa.eu/easme/sites/easme-site/files/cs2p_-_theme_2_-_presentations.zip
https://youtu.be/JzoOfbQVP74
https://ec.europa.eu/easme/sites/easme-site/files/cs2p_-_theme_3_-_presentations.zip
https://youtu.be/qEpoY-lJ-uI
https://ec.europa.eu/easme/sites/easme-site/files/cs2p_-_theme_4_-_presentations.zip
https://youtu.be/Uf4I0sFgukY
https://ec.europa.eu/easme/sites/easme-site/files/cs2p_-_theme_5_-_presentations.zip
https://ec.europa.eu/easme/sites/easme-site/files/cs2p_-_theme_6_-_presentations.zip
https://ec.europa.eu/easme/sites/easme-site/files/cs2p_-_cross-cutting_theme_1_-_communication_and_dissemination.zip
https://ec.europa.eu/easme/sites/easme-site/files/cs2p_-_cross-cutting_theme_2_-_computing_and_data_infrastructure.zip
https://gmd.copernicus.org/articles/13/3299/2020/
https://doi.org/10.1029/2020GL088166
https://doi.org/10.1029/2020MS002126
https://gc.copernicus.org/articles/3/263/2020/
https://doi.org/10.1007/s40641-020-00164-w
http://www.nature.com/articles/s41598-020-72614-2
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• Exploring Constraints on a Wetland Methane Emission Ensemble (WetCHARTs) 
using GOSAT Satellite Observations. 
https://bg.copernicus.org/articles/17/5669/2020/bg-17-5669-2020.pdf 

• Dynamic 3D Visualization of Climate Model Development and Results. 
doi:10.1109/MCG.2020.3042587  

 

 

News 

UKESM2 – the next generation..  

Planning for UKESM2 is already underway! UKESM2 will be developed 
on top of the next Global Coupled 5.0 (GC5.0) configuration. We plan to 
start building UKESM2 on a frozen GC5 configuration in early 2022 with 
the aim of having a working UKESM2 model by mid-2024 in time for an 
envisaged CMIP7. Scientists wishing to contribute new developments to 
UKESM2 should contact Jane Mulcahy 
(jane.mulcahy@metoffice.gov.uk) soon to outline their plans. You can 
find more information on the process and timelines on the UKESM trac 
homepage.  

UKESM receives a 1-year extension 

The UKESM Team is pleased to announce that the UKESM project has 
been extended by UKRI-NERC for a year (from April 2021 to March 2022).  

A follow-on programme to the first phase of UKESM is being drafted. 

UKESM partners in new EU research project – ESM2025 

We are delighted to announce that we will continue our long tradition 
of working with our European partners on Earth System Modelling 
through a new EU research project ESM2025. This project will be 
led by our French partner, Météo France (MF-CNRM) and will start 
in summer 2021.  

The main goal of this new project is to develop the next generation 
of European Earth System Models, with an improved representation of the full Earth 
system response to anthropogenic emissions and an improved treatment of human land 
use change. Results from these ESMs will help to improve the consistency of climate and 
mitigation-relevant processes in Earth system models and Integrated assessment models. 
Coordinated simulations with the new models, and the ensuing knowledge, will deliver 
underpinning scientific support to mitigation actions targeting successful realization of the 
Paris Climate Agreement. Knowledge developed in the project will also provide the most 
robust guidance ever on future risks to the global environment, supporting policy 
requirements in the area of global change adaptation. 

 

https://bg.copernicus.org/articles/17/5669/2020/bg-17-5669-2020.pdf
mailto:jane.mulcahy@metoffice.gov.uk
https://code.metoffice.gov.uk/trac/UKESM/
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Team News 

UKESM Science Manager 

Congratulations to Jane Mulcahy who takes up the role in UKESM of Science Manager 
replacing Alistair Sellar. Jane currently manages the atmospheric development and 
evaluation aspects of UKESM with a research background in aerosol model development 
and aerosol-climate interactions. She looks forward to working with the wider ESM 
community as we continue our science exploitation of UKESM1 models while also 
beginning to plan and develop UKESM2. We will miss Alistair and wish him well in his 
new role as Strategic Head of Global Model Evaluation and Development in the Met 
Office. 

 

 


