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Welcome to UK Earth System Model (UKESM) News from the Joint Weather and Climate 

Research Programme (JWCRP). 

The UK Earth system modelling project is a joint venture between the Met Office and the 

Natural Environmental Research Council (NERC) to develop and apply a world-leading 

community Earth System Model.  

If you have any comments or suggestions, please contact us at enquiries@metoffice.gov.uk 

or alberto.munoz@metoffice.gov.uk. 

For more information visit our UKESM website.  
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1. Improving aerosol processes and radiative forcing in 

preparation for UKESM1 

Jane Mulcahy, Alistair Sellar, Met Office Hadley Centre and UKESM core group 

Ian Boutle, Ben Johnson, Met Office Hadley Centre 

Steve Rumbold, Colin Jones, NCAS and UKESM core group 

UKESM1 is developed on top of the coupled physical model, HadGEM3-GC3 (hereafter GC3). GC3 

consists of the Unified Model (UM) atmosphere, JULES land surface scheme, NEMO ocean model 

and the CICE sea ice model. The UM atmosphere in GC3 is Global Atmosphere version 7 (GA7). 

Inclusion in GA7 of both a new cloud microphysics parameterization and the new GLOMAP aerosol 

scheme led to a concern the model might exhibit a strong negative historical aerosol radiative 

forcing (i.e. a strong aerosol-induced cooling due to increasing anthropogenic emission of aerosol 

and aerosol precursors over the past ~150 years) with potentially detrimental impacts on the overall 

historical simulation of both GC3 and UKESM1.  

 A protocol was therefore developed to assess the Effective Radiative Forcing (ERF) of the main 

climate forcing agents over the historical period (~1850 to 2000), namely; well mixed greenhouse 

gases (GHGs), aerosols and aerosol precursors, tropospheric ozone and land use change. This 

protocol follows that of the CMIP6 RFMIP project (Andrews 2014, Pincus et al. 2016). The aim was to 

assess the change in the mean top-of-atmosphere (TOA) ERF between average pre-industrial (~1850 

in our experiments) and present-day (~2000) conditions. In particular to assess the aerosol ERF, with 

a requirement that the total (all forcing agents) historical ERF be positive. Initial tests revealed an 

aerosol ERF of -2.2 Wm
-2

, significantly stronger than the -1.4 Wm
-2 

simulated by HadGEM2-A 

(Andrews 2014) and also outside the IPCC AR5 5-95% range of -1.9 to -0.1 Wm
-2

. As a result of the 

large (negative) aerosol ERF, the total ERF diagnosed over the historical period was approximately 0 

Wm
-2

. Figure 1 shows the total (left) and clear-sky (right) net aerosol ERF in GA7 for 20-year 

simulations centred on year 2000 minus simulations centred on 1850. The largest aerosol ERF is seen 

over, and downstream of, the main Northern Hemisphere pollutant regions (East Asia, North-East 

USA and Europe). The difference between the total and clear sky ERF indicates the bulk of the 

negative ERF arises through aerosol-cloud forcing.  

 

Figure 1. Total (left) and clear-sky (right) net TOA aerosol ERF in GA7. Units are Wm
-2

. 
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We therefore investigated aspects of GA7 that could be causing this strong aerosol forcing and, 

where possible, introduced new processes and/or improved existing process descriptions to address 

these. The goal of this effort was to develop an atmosphere model configuration solidly based on 

GA7.0 that: 

1. Had a less negative aerosol ERF and thereby a total historical ERF of >+ 0.5 Wm
-2

 

2. Had a pre-industrial top-of-atmosphere radiative balance of 0.0 ± 0.5 Wm
-2

. 

3. Did not degrade the many performance improvements delivered by GA7.0. 

In September 2016 a GA7.1 configuration was defined, comprised of GA7 plus a suite of 

parameterization improvements and new process descriptions not originally in GA7, that resulted in 

a reduction in the aerosol ERF from -2.2 Wm
-2 

to -1.4 Wm
-2

 (with an implied total ERF for 2000 – 

1850 of ~+0.8 Wm
-2

) and a pre-industrial TOA radiation balance of -0.04 Wm
-2

. The 3 primary 

developments leading to the aerosol ERF reduction were; 

1. A new parameterization representing the observed sensitivity of cloud droplet size 

distributions to the pollutant (aerosol) content of the atmosphere, referred to as the cloud 

droplet spectral dispersion effect (Rotstayn and Liu 2009). 
 

2. An improved treatment of the refractive index for black carbon aerosol absorption, following 

Bond et al. (2013), combined with more detailed look-up tables for aerosol optical 

properties enabling more accurate spectral resolution of aerosol solar absorption. 
 

3. Guided by observations in McCoy et al. (2015), inclusion of an oceanic source of marine 

organic particles through augmentation of the parameterized marine emission of oceanic 

dimethyl sulphide (DMS) and subsequent treatment of this increased aerosol in the GLOMAP 

scheme.  

In addition to these 3 developments, a number of more minor improvements were also made to; (i) 

the aerosol activation scheme in GLOMAP, (ii) the scheme for generating liquid water in mixed phase 

clouds and (iii) the representation of shallow convective cloud fraction. Importantly, all of these 

developments were either improvements to existing parameterizations or new processes that 

increase the realism of GA7.1 and thereby GC3.1. Figure 2 shows the resulting aerosol ERF simulated 

by GA7.1, with significant reduction in regions of maximum ERF in figure 1. The majority of the 

aerosol ERF decrease occurs through a reduction in aerosol-cloud forcing. 

 

Figure 2. Total (left) and clear-sky (right) net TOA aerosol ERF in GA7.1. Units are Wm
-2

. 
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GA7.1 is now the atmospheric component of HadGEM3-GC3.1 which forms the physical coupled 

model core of UKESM1.  

References:  

Andrews, T. (2014). Using an AGCM to diagnose historical effective radiative forcing and mechanisms of recent 

decadal climate change.  J. Climate, 27, 1193–1209 

Bond, T. C., et al. (2013). Bounding the role of black carbon in the climate system: A scientific assessment. J. 

Geophys. Res. Atmos., 118, 5380–5552 

McCoy, D.T, et al. (2015). Natural aerosols explain seasonal and spatial patterns of Southern Ocean cloud 

albedo. Science Advances 17, 1, e1500157 

Pincus, R., Forster, P. M., and Stevens, B. (2016). The Radiative Forcing Model Intercomparison Project 

(RFMIP): experimental protocol for CMIP6. Geosci. Model Dev., 9, 3447-3460 

Rotstayn, L., and Liu, Y. (2009). Cloud droplet spectral dispersion and the indirect aerosol effect: Comparison of 

two treatments in a GCM. Geophys Res. Letters, 36, L10801 
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2. HadGEM3-GC3.1: The physical coupled model core of 

UKESM1 now frozen 

Till Kuhlbrodt and Colin Jones, NCAS and UKESM core group 

Ed Blockley and Helene Hewitt, Met Office Hadley Centre 

Alistair Sellar, Met Office Hadley Centre and UKESM core group 

UKESM1 is built on top of the core physical model, HadGEM3-GC3.1 (hereafter GC3.1). GC3.1 has 

primarily been developed for a target atmospheric model resolution of ~60km (N216) and ocean 

resolution of 0.25° (hereafter N216O025). In addition to this effort, a lower resolution version of 

GC3.1 has also been developed as the physical model core of UKESM1. The reduced resolution is 

necessary in order to make UKESM1, with its additional Earth system components, feasible to run for 

centennial timescale experiments such as planned in the CMIP6 project. This lower resolution 

version of GC3.1 employs an atmospheric resolution of ~140km (N96) and ocean resolution of 1° 

(hereafter N96O1). Both models employ the same number of vertical levels, in the atmosphere (85) 

and ocean (75). Here we present a few key performance metrics for N96O1 and motivate the one 

difference between the 2 model versions. A detailed analysis of both N216O025 and N96O1 will 

appear soon in the peer-reviewed literature. 

Traceability of parameterizations and parameter settings between model versions 

Beyond the standard and necessary differences linked to model resolution (e.g. time step length, 

viscosity and isopycnal diffusion coefficients and use of a parameterization for mesoscale eddies in 

the 1° ocean model) a key aim in developing N96O1 was that commonality of model 

parameterizations and parameter settings with N216O025 was maintained. This was achieved for all 

parameters except one. To achieve an acceptable simulation of Arctic sea ice thickness it proved 

necessary to reduce the albedo of snow on sea-ice by 2% in N96O1 for both infra-red (0.70 reduced 

to 0.68) and visible (0.98 to 0.96) parts of the solar spectrum, with all values well within 

observational constraints. This change was required due to the 1° ocean model failing to advect 

sufficient warm water into the Arctic Ocean through the narrow straits connecting the Atlantic with 

the Arctic (e.g. Denmark and Fram Straits). A consequence of this is sub-surface ocean temperatures 

are systematically colder (by up to 2°C) in N96O1 than N216O025, leading to sea-ice being up to 1 

metre too thick at the end of the Arctic winter in N96O1. Figure 1 illustrates the problem of 

penetration of water through the Fram Strait in N96O1 compared to N216O025. 

In N216O025 two well defined currents are visible across the Fram Strait, with northward directed 

warm, saline Atlantic water in the eastern half of the strait (right side of figure 1) and southward 

advection of cold, fresher water in the western portion of the strait. In N96O1, while both currents 

are visible, they are considerably weaker and more diffuse. This is particularly true for the northward 

directed warm current, with water on the eastern side of the strait ~2°C colder than in N216O025 

and much weaker northward velocities. Similar problems are also seen in the Denmark Strait and 

appear to be a fundamental problem of the low resolution model poorly resolving these straits. 

Tests modifying the bathymetry of the Fram and Denmark Straits had little impact on the current 

structure in either region.  

 



UKESM Newsletter  Issue No 4 – January 2017 

 

6 

 

Weaker penetration of Atlantic water through Fram Strait leads to a cold bias in sub-surface Arctic 

ocean temperatures and excess sea-ice thickness results from an imbalance between subsurface ice 

growth and ice melt. A positive bias in sea-ice thickness in the N96O1 simulated present climate will 

likely cause an incorrect sea-ice response in a future climate. It was therefore decided to remedy this 

problem through reducing the albedo of snow on sea-ice, compared to that used in N216O025, by 

2% in both the infrared and visible solar bands. This results in increased surface melt in N96O1 

through solar absorption, balancing the sub-surface bias in growth/melt and results in an accurate 

simulation of both Arctic sea-ice extent and thickness. Figure 2 (right panel) shows the mean March 

Arctic sea-ice thickness in N96O1 (top right, experiment af872) and in the same model with the 

original (2%) higher snow albedo (bottom right, af896). Also shown is the difference in March ice 

thickness between the 2 experiments, with reduction in ice thickness of up to 1 metre over large 

parts of the Arctic. Ice thickness in N96O1 is generally closer to observed estimates.  

The left panel in Figure 2 plots the mean annual cycle of sea ice extent for both the Arctic (top) and 

Antarctic (bottom) against the observed sea-ice extent from the HadISST data set (Rayner et al. 

2003). In both hemispheres N96O1 ice extent lies within +/-20% of observations throughout the 

annual cycle. Modification of the snow albedo has only minimal impact on sea ice extent in both 

hemispheres (compare the red and black annual cycle curves). Furthermore, in the Antarctic the 

snow albedo reduction also has minimal impact on sea ice thickness (not shown) due to the small 

 

Figure 1. Vertical cross-sections through the Fram Strait of temperature (top), salinity (middle) and 

northward velocity (bottom): N96O1 (left) and N216O025 (right). Black contours on the upper two 

rows show ocean potential density. 
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amounts of snow falling onto sea ice in this region. In both hemispheres the timing of maximum ice 

extent appears to be ~1 month later in the model than in observations. The modification to snow on 

sea-ice albedo is the only parameter difference between the 2 model configurations and is a direct 

result of the low resolution ocean model poorly resolving key ocean straits and the associated water 

and heat transport through these straits into the Arctic Ocean. 

 

Climatological performance of GC3.1-N96O1 

In this section we present a few key performance indicators for N96O1, emphasizing important 

oceanic parameters. Figure 3 shows biases in model sea surface temperatures (SST) averaged over 

years 1-20 into a coupled simulation started from EN4 ocean observations (Good et al. 2013) using 

constant year 2000 forcing (hereafter referred to as PD run). The top left panel shows observed 

annual mean SSTs for the period 1991-2000. Bottom left shows the bias in annual mean SST in 

N96O1 relative to these observations and bottom right the same bias for N216O025. The top right 

panel shows the SST difference (N216O025 minus N96O1) between the 2 model versions. Both 

models exhibit the same general bias patterns, with a warm bias across the Southern Ocean and an 

extensive cold bias north of this region (the latter of ~1-2°C). In N96O1 the warm bias over the 

Southern Ocean is less than in N216O025, by ~1-2°C. In the Northern Hemisphere, SSTs in N96O1 are 

 

Figure 2. Left column: Mean annual cycle of sea Ice extent over the Arctic (top) and Antarctic 

(bottom) from af872 (red curve) and af896 (black curve). Observations are from HadISST with the 

dashed lines indicating +/- 20% around the observations. Right column: March Arctic ice thickness 

for af872 (top), af896 (bottom) and March ice thickness difference (af872 – af896), bottom far right. 
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also ~1°C colder than N216O025, resulting in the cold SST biases being somewhat worse in this 

region in N96O1. In the North-East Atlantic a significant cold bias is seen in N96O1 linked to a poor 

representation of the path of the Gulf Stream and North Atlantic Current across the ocean, a 

problem common to many low resolution ocean models (Bryan et al. 2007), This is clearly improved 

in N216O025. Similar problems (albeit of smaller magnitude) are also evident in N96O1 in the North 

East Pacific, linked to the Kuroshio current, and in the South Atlantic associated with the Brazil 

current. In all 3 regions N96O1 exhibits systematically colder SSTs than N216O025. 

 

Figure 4 shows the same annual mean SST bias in N96O1, but now compares the time evolution of 

these biases through the first 200 years of the PD run. The lower left panel again shows year 1-20 

mean SST biases, while the bottom right shows the same SST bias but averaged over years 190-210 

into the PD simulation. Top right shows the SST difference in N96O1 between (mean of years 180 to 

200) minus (mean of years 1 to 20). The general SST bias patterns remain similar after 200 

simulation years, although there is a general tendency for SSTs to warm by ~0.5°C, particularly in the 

North Atlantic and Pacific.  

In figure 5 we plot the annual average global mean SST for the first 185 years of the N96O1 PD 

simulation. Over the first ~25 years global mean SST cools by ~0.5°C and then gradually warms back 

towards the observed initial value of ~18.2°C by year 180 of the run. Over this period the vertically 

averaged global mean ocean temperature (STVAVE) simulated by N96O1 warms at a rate of 

approximately 0.14°C/year, reflecting that the model is forced by constant year 2000 forcing, with a 

 

Figure 3. Top left: Observed annual mean SST from the ESA CCI product for 1991-2010, Top Right 

SST difference: N216O025 minus N96O1. Bottom row shows the bias in the annual mean SST 

simulated by N96O1 (left) and N216O025 (right). 
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 top of atmosphere global mean radiation imbalance of ~+0.5Wm
-2

 (net downward directed energy), 

while the deep ocean in the EN4 observations is more consistent with pre-industrial forcing. A 

parallel N96O1 simulation using constant 1850 forcing confirms this with the rate of increase in 

STVAVE being significantly lower than the year 2000 run, due to the net TOA radiation balance being 

closer to 0 Wm
-2

. 

 

Figure 4. Top left: Observed annual mean SST from the ESA CCI product for 1991-2010, Top Right 

SST difference year 190-210 minus year 1-20 in N96O1. Bottom row shows the bias in the annual 

mean SST simulated by N96O1 year 1-20 (left) and years 190-210 (right). 

 
Figure 5. Annually averaged, global mean SST simulated by N96O1 PD simulation. 
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Finally, in figures 6 and 7 we illustrate the temporal evolution of 2 major features of the global ocean 

circulation; (i) the Atlantic Meridional Overturning Circulation (AMOC), which plays a key role in 

transporting heat poleward in the North Atlantic and is a major control on climate variability in both 

the North Atlantic and Arctic regions (Buckley and Marshall 2016) and (ii) the Antarctic Circumpolar 

Current (ACC) which transits the entire globe around the Southern Ocean, coincident with a band of 

atmospheric westerly winds, and plays a key role in the global oceanic overturning circulation 

(Marshall and Speer 2012), in particular being the main region on Earth where deep ocean water 

upwells to the surface.   

The AMOC in N96O1 initially drops to a value of ~13-14Sv over the first 25 years of the simulation 

before gradually strengthening over the subsequent 50 years to equilibrate around a mean volume 

transport (at 26°N) of ~17Sv and multi-annual variability around the mean of ~5Sv. Observations 

from the RAPID array (Frajka-Williams et al. 2016) indicate a mean meridional volume transport also 

of ~17Sv, with somewhat larger variability (~8-9Sv) than simulated in N96O1. 

 

Figure 7 shows that the ACC volume transport through the Drake Passage drops from an initial value 

of 165Sv to 140Sv by year 80 of the PD simulation before stabilizing at a value of ~130-140Sv. This is 

consistent with the canonical ACC transport estimates of Cunningham et al (2003) but less than 

more recent observations made by Donohue (2016) who suggest a Drake Passage transport closer to 

170Sv. 

Summary 

The physical coupled model core of UKESM1, HadGEM3-GC3.1 at a resolution of N96 (~135km) in 

the atmosphere and 1° in the ocean (N96O1), has now been frozen.  In this article we describe a 

number of key performance indicators from present-day (constant year 2000 forcing) runs of 

N96O1, indicating a very acceptable level of simulation accuracy. In the preceding article in this 

newsletter (Mulcahy et al.) we detailed some specific developments to the atmospheric component 

of N96O1 that were necessary to improve the pre-industrial to present-day radiative forcing signal. 

Both of these articles will be presented in more detail in the peer-reviewed literature in the coming 

 
Figure 6. Annual mean meridional transport at 26°N in the Atlantic. Units are Sverdrups (Sv). 
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months. HadGEM3-GC3.1 is now ready for use as a coupled physical climate model, at both 

resolutions N216O025 and N96O1. Over the coming months the various Earth system components 

intended for UKESM1, namely modules for interactive stratosphere-troposphere chemistry, marine 

biogeochemistry, terrestrial carbon-nitrogen processes and dynamic vegetation and interactive 

continental ice sheets will be migrated from an earlier version of HadGEM3 and scientifically tuned 

with HadGEM3-GC3.1 (N96O1) in readiness for application within the CMIP6 project. 
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Figure 7. Zonal volume transport (Sv) through the Drake Passage associated with the ACC. 
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3. Using satellite remote sensing data for evaluating Earth 

system models: Plans for UKESM1 evaluation 

Robert Parker, NCEO and UKESM core group 

The National Centre for Earth Observation (NCEO) is a NERC research centre with more than 80 

scientists distributed across leading UK universities and research organisations. NCEO provides the 

UK with core expertise in Earth Observation science, data sets and merging techniques, and 

model evaluation to underpin Earth System research and the UK’s international contribution to 
environmental science.  

NCEO is a member of the UKESM Long-Term Science Multi-Centre (LTSM) project and will lead the 

model evaluation component of the project.  This will involve evaluation and assessment of the 

model in such areas as greenhouse gas emissions, land/atmosphere interactions, atmospheric 

chemistry, land surface energy balance and atmospheric aerosols. Here we focus on two examples of 

ongoing evaluation being performed by NCEO within the context of the UKESM project. 

Land Surface Energy Balance - Phil Harris, NCEO-CEH 

In many regions of the world soil moisture plays a central role in the partition of net radiation at the 

land surface into sensible and latent heat flux.  This partition can also be thought of in terms of 

whether spring and summer evapotranspiration (ET) is limited by either soil moisture or net 

radiation.  The GCMs in CMIP3 and CMIP5 largely agree on the locations of the extreme 

climatological cases, in which ET limitation is dominated by either radiation or severe soil moisture 

deficits.  But there are large areas of inter-model disagreement in the transition regions between 

these two cases.  Unfortunately, global evaluation of these model processes has been hindered by 

the lack of reliable, large-scale observations of ET and root-zone soil moisture. 

One way to address this is to use satellite observations of land surface temperature (LST) in 

combination with atmospheric reanalyses of near-surface air temperature.  As the land surface dries 

during rain-free periods, ET may decrease day-by-day due to declining soil moisture availability.  This 

is accompanied by a warming land surface, and the rate at which LST increases relative to 2m air 

temperature is an indicator of changes in the surface energy partition and increasing sensible heat 

flux. 

The observational side of this analysis has been carried out using 15 years of satellite LST from 

MODIS Terra and Aqua and ERA-Interim 2m air temperature, along with a combination of satellite 

precipitation products (TRMM, CMORPH, PERSIANN) to identify rain-free dry spells. Observations 

are averaged over many (1000s of) dry spells to quantify the surface behaviour in different regions, 

seasons and - most importantly - as a function of antecedent precipitation, a proxy for root-zone soil 

moisture availability.  This diagnostic has also been calculated from AMIP simulations (atmosphere-

land model simulations using prescribed sea surface temperatures) of ten CMIP5 models, including 

HadGEM2-A, using model-simulated dry spells.  It is anticipated that this analysis will complement 

the evaluation of precipitation in UKESM1. 
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Atmospheric Aerosols - Adam Povey, NCEO-Oxford 

The ESA Climate Change Initiative (ESA-CCI) has produced various long-term data records from 

existing and ongoing satellite observations that are intended to evaluate climate and Earth system 

models. NCEO researchers are strongly involved in the production of many of these Essential Climate 

Variables (ECVs), including sea surface temperature, atmospheric concentrations of greenhouse 

gases (carbon dioxide and methane), atmospheric ozone concentrations and atmospheric aerosol.  

The CCI-Aerosol project uses the ATSR-2 and AATSR sensors to produce a record of aerosol optical 

depth and fine-mode particle fraction from 1995 to 2012 at 10km resolution, including pixel-level 

uncertainties. A round robin exercise evaluated seven aerosol retrieval algorithms and found that 

none is universally sufficient. Hence, the project has used three algorithms to evaluate the 17-year 

data record, resulting in a small ensemble. The ensemble mean has been found to be more accurate 

than any individual algorithm while maximising coverage and providing a qualitative assessment of 

the systematic uncertainty due to algorithm assumptions. This data is expected to play an important 

role in evaluating the representation of key aerosol processes in UKESM1. 

 

 

 

Figure 1. The relative warming rates (RWRs) between the land surface and screen level (i.e.~2m 

above the land surface) during 10-day dry spells calculated (a) from MODIS satellite land surface 

temperature (LST) and ERA-Interim 2m air temperature data on a 1° grid and (b) from the 

HadGEM2-A output on a 1.875° by 1.25° grid.  Grid boxes are coloured grey if they have less than 

one dry spell event per year.  Inset histograms show the frequency of different RWR values within 

the global domain. 
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Figure 2. Aerosol optical depth (AOD) at 1km resolution over the Persian Gulf on 16 Sep 2008 as 

observed by AATSR. The radius 50km circle is centred on a concurrent Aeronet observation, which is 

used to validate the product. 
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4. UKESM at the NERC Into the Blue Exhibition:  25 – 29 Oct 

2016, Manchester 

Alberto Muñoz, NCAS and UKESM core group 

A total of 5250 attendees across 5 days had the opportunity to visit our UKESM stand in the ‘NERC 

Into The Blue Exhibition’ at the Runway Visitor Park in Manchester last October. Around 40 

exhibitors including scientists and volunteers from all NERC Institutes, plus some UK Research 

Centres and Universities, showcased and engaged with adults and children on numerous aspects of 

environmental and natural sciences;  from marine DNA and biodiversity to climate change and 

atmospheric research. The quality of all of the exhibits and enthusiasm of people running them was 

humbling as was the professionalism and ever-helpful attitude of the organization team. Members 

of the NCAS central office in Leeds were particularly helpful to us in providing IT equipment and 

support during the event. 

‘What’s happening to our climate? - Modelling the future’ was the title of our UKESM stand. The 

public, lots of children among them, interacted avidly with our projecting globe, games and quizzes. 

The PufferSphere globe borrowed for this particular event from the University of Reading (special 

thanks to Andy Heaps at the Meteorology Dept) was a really engaging and educational attraction. 

Visitors could see and learn from a series of short movies projected inside the globe showing 

different aspects of the Earth system, including how carbon dioxide in the atmosphere moves across 

the planet, oceans currents distribute heat and nutrients along oceans, ice on land and sea-level 

changes occur, and the future temperature rise that our models can predict. Every visitor had the 

opportunity to interact with the globe, learn and ask any question to the UKESM team members 

present there.  

In addition, our stand had learning materials and information displayed in the form of three posters 

about (1) What is an ESM and its components, (2) How to model the climate, and (3) What do 

climate models tell us about the future; together with leaflets for the UKESM and the CRESCENDO 

projects, and climate change quizzes for all audiences. The children’s favourite though was our 

games. We had a simple and educative online ‘Drag and drop puzzle game on ESM components’ (to 

play click here) in a flat screen connected to a laptop, which was extremely popular among children 

ranged 7-12 years old. We also developed for this event a game named Climate spinner, to help 

explain uncertainty and the likelihood to increase global mean temperature from present day and its 

relationship to the different scenarios (socioeconomic pathways). After having a good number of 

visitors to our stand “spinning the climate” we could build up a chart representing the overall 

distribution for the temperature change in degree Celsius (numbers) and the pathways the Earth will 

follow to end up with the numbers. The actual plots from AR5 were used to work out the 

distribution and visitors were able to see the results showing how that to achieve 0 or 1 degrees 

(“safe levels”), then we need aggressive emission reductions. However, if we don’t control emissions 
at all (red dots), then it is impossible to get 2 deg or lower (likely to be 4 to 5 C warming). 

http://www.jwcrp.org.uk/documents/ukesm-project-leaflet.pdf
https://48otst21vpl22zxoz23qzh9o-wpengine.netdna-ssl.com/wp-content/uploads/2016/08/CRESCENDO-public-leaflet_v4-HM.pdf
https://7c5a9c3a-a-62cb3a1a-s-sites.googlegroups.com/site/esmsgames/ESMpuzzleGame_v3.swf?attachauth=ANoY7cqVVAhykNH0OfsT7LW1jrg-Bpav6-D28IhqXbc_B_gKNwEWTT0mlU9DWlLsJQVbIv_D0WZi__dQ892duLuS1ESoyq3dUHjs9EK4vaRD6mvaaWw6yDjp694at_ms6tbDSwLPJBghWxQzBtTLqCYb6NGoVTwbSX7f3UnxhSwls18jVUr8hEbE87SHMtO3AqEdziHG2ZmHh283SNA6hTbjE5u2znZxHQ%3D%3D&attredirects=0
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Overall, our participation was considered a success by all team members who enthusiastically came 

along to Manchester to participate in this event. It was very rewarding and exciting to have this 

great opportunity to educate the public on our research field, although it sometimes could be quite 

surprising to discover how little people knew about climate change and Earth system modelling and 

how misinformed some people were! We plan to continue participating in science exhibitions and 

outreach activities over the project’s lifetime. Our next challenge has already been confirmed: The 

Royal Society Summer Science Exhibition, 3-9 July 2017, in London.   
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5. Team News 

 

Additions to the UKESM Core Group: 

Rob Parker, National Centre for Earth Observation (NCEO) – University of 

Leicester 

Rob joins the UKESM Core Group as part of the NCEO contribution to the 

UKESM Long-Term Science Multi-Centre project. He will be involved in the 

evaluation of UKESM models and coordinate research activities between 

the UKESM team and the wider NCEO/remote sensing communities. 

Rob’s background is in the generation of atmospheric concentrations of 
key climate-relevant species, particularly CO2 and CH4, from remote 

sensing data. He is currently approaching the end of a European Space 

Agency Living Planet Fellowship where he has investigated the 

temporal/spatial distributions of these greenhouse gases, identifying 

anomalies and linking them to the key geophysical drivers. 

 

 

Antony Siahaan, British Antarctic Survey (BAS) 

Antony joins the UKESM Core Group as part of the BAS contribution to the 

UKESM project. He will be involved in the development, testing and 

evaluation of the sub-ice-shelf capability of NEMO to enable its coupling 

with the ice sheet component within the UKESM. 

Prior to joining BAS, Antony was with the NOC Southampton where his 

main responsibility was to support the ocean modeling capability within 

the Marine System Modelling (MSM) group such as running, testing and 

developments of some components in the NEMO ocean model. He was 

also involved in the preparation and testing of JOMP GO6 one-degree 

configuration.  
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6. Recent and Upcoming Events 

2-4 November 2016. Model Hierarchies Workshop, Princeton University: The World Climate 

Research Programme sponsored a workshop which examined the construction of hierarchies of 

models in Earth System Science which was held at Princeton University on 2-4 November 2016.  The 

focus was on the way in which robust and uncertain features from simulations using comprehensive 

models (such as, for example, UKESM1) could be explained through simpler or more idealized 

models and experiments.  Jeremy Walton presented a poster at the workshop on the UKESM1 

hybrid-resolution model (by Marc Stringer, Richard Hill, Mohit Dalvi, Colin Johnson, Jeremy Walton 

and Colin Jones) describing how a high-resolution atmosphere is coupled to aerosol, chemistry and 

tracer advection schemes, which are run at a lower resolution than the core model in order to 

achieve acceptable levels of performance for the full system. 

15-16 November 2016. ESMValTool Workshop, Ludwig‐Maximilians‐Universität: A 

workshop on the technical development of the Earth System Evaluation Tool was held at Ludwig-

Maximilian University of Munich on 15-16 November 2016.  The ESMValTool is a community-based 

system which incorporates diagnostics and performance metrics for the routine evaluation of Earth 

System Models (such as, for example, UKESM1).  The workshop aimed at defining a common 

strategy across participating institutions towards developing an efficient level of performance for 

ESMValTool in time for the analysis of CMIP6 simulations.  Jeremy Walton attended the workshop, 

along with other colleagues from the Met Office, and discussed his recent and future work on 

developing an integrated automatic documentation system for ESMValTool. 

5 December 2016. ACSIS Kick-off meeting at the Wellcome Auditorium, London: The North 

Atlantic Climate System Integrated Study: ACSIS, has been fully funded for five years (2016-2021) 

through NERC's Long Term Science commissioning, led by NCAS Director for Climate, Professor 

Rowan Sutton. The science presentations from its kick-off meeting are now available on the ACSIS 

website - https://www.ncas.ac.uk/index.php/en/community-meeting-2016. Some important events 

for ACSIS in the first half of 2017 will include: the completion of the first ACSIS synthesis report on 

the state of and recent trends in the North Atlantic climate system, the first ACSIS airborne 

observing missions to the Azores, and the development of a first set of Atlantic Climate System 

Indicators.  

12-16 December 2016. AGU Fall Meeting, San Francisco: UKESM was well represented at this 

year’s American Geophysical Union (AGU) Fall Meeting (http://fallmeeting.agu.org/2016/). With 

over 20,000 participants AGU is one of the largest Earth science meetings in the world and provides 

an ideal opportunity to showcase the latest in UKESM science and interact with our international 

partners. Jane Mulcahy presented our investigations into the aerosol Effective Radiative Forcing in 

GA7 and resulting model improvements for UKESM in the session “Reducing Uncertainty in Aerosol 
Effects on Climate”. See ‘Improving aerosol processes and radiative forcing in preparation for 

UKESM1’ inside this Newsletter for more information on this work. Debbie Hemming gave an invited 

overview talk on the UKESM project in the session “Grand Challenges in Earth System Modeling: 
Decadal Climate Variability and Change, Prediction, and Its Applications”. In particular she focussed 

https://www.wcrp-climate.org/gc-model-hierarchies-home
https://www.wcrp-climate.org/gc-model-hierarchies-home
file://desktop.frd.metoffice.com/Met_Office/Depot/UKESM/hybrid%20resolution%20poster%20-%20landscape.pdf
https://crescendoproject.eu/the-2nd-workshop-on-the-technical-development-of-the-earth-system-model-evaluation-tool-esmvaltool/
http://www.geosci-model-dev.net/9/1747/2016/
https://www.ncas.ac.uk/index.php/en/community-meeting-2016
http://fallmeeting.agu.org/2016/
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on recent developments in the terrestrial carbon and nitrogen cycling (see ‘Nitrogen and the 

Terrestrial Carbon Cycle in UKESM1’ by Andy Wiltshire for more information). While Douglas Kelley 

presented on the sensitivity of observed burnt area to climate and human controls in the session 

“The Role of Fire in the Earth System: Understanding Drivers, Feedbacks, and Interactions with the 

Land, Atmosphere, and Society”. 
 

3-9 July 2017. UKESM at the Royal Society Summer Science Exhibition, London: We are 

pleased that our proposal to exhibit ‘What’s happening to our climate? - Earth system science in the 

UK’ at the 2017 Royal Society Summer Science Exhibition in London 

(https://royalsociety.org/science-events-and-lectures/summer-science-exhibition/) has been 

successful. For this event, the UKESM core group will team up with colleagues at NCAS, the Met 

Office Hadley Centre, the Universities of Exeter, Reading and East Anglia, as well as the Tyndall 

Centre for Climate Change Research, to deliver an exceptional outreach activity on Earth system 

modelling across the UK. 

 

 

 

 

http://www.jwcrp.org.uk/research-activity/ukesm-nitrogentcc.asp
http://www.jwcrp.org.uk/research-activity/ukesm-nitrogentcc.asp
https://royalsociety.org/science-events-and-lectures/summer-science-exhibition/
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