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Jonny Williams, UKESM LTSM, 17th June 2020 - UKESM data processing on JASMIN from 19,000km away 

















Run model at 

NIWA

Transfer data to 

JASMIN

Run CDDS 

software on 

JASMIN

Upload data to the 

ESGF MCIP6 data 

portal



• We need to shift (regularly and reliably) ~10TB to the JASMIN 

platform.

• Doing this using rsync was simply too slow to be a viable solution.





In my 

experience, 

globus is 

about 100 

times faster 

than rsync.











Command line works too











• So far we have processed p4, p5, p6 and pu streams of our 6 

simulations:

• p4 is monthly.

• p5 is monthly.

• P6 is daily.

• pu is monthly.

• We will soon be beginning the processing of p7, p8 and p9

• p7 is 6 hourly.

• p8 is 3 hourly.

• p9 is hourly.

• Although these are much more frequent, the STASH list is 

much smaller.





Thanks for your attention
@jonnyhtw

jonny.williams@niwa.co.nz

• Summary 

• Globus is awesome and fast.

• The full data flow from running the 

simulations to uploading the CDDS-

processed data to JASMIN is fully 

functioning.
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UKESM-hybrid: focusing resolution where it’s most needed
Marc, Richard, Mohit Dalvi, Colin, Colin & Jane

Chemistry & Aerosol (calculated in UKCA) are important, but computationally expensive

We’re running: UKESM-hybrid N96 N48 ORCA1 & UKESM-hybrid N216 N96 ORCA025

Hi-Res UM
(Snr)

Lo-Res UM
(Jnr)

UKCA UKCA

Ocean

Dynamical core fields

Output from UKCA
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Whistle stop tour of hybrid model

• Nodes for stand alone UM replaced: ~60% for Snr; ~40% for Jnr

• For the same resources/nodes, UKESM-hybrid is ~65% faster than UKESM

• OASIS3-MCT + bilinear remapping (important later) used to transport, re-grid 
and overwrite fields between Snr <-> Jnr

• Coupling between Snr<->Jnr is every model hour

• Fields used to lock physical atmosphere of Jnr to Snr: U, V, Ө, П, soil 
temperature + moisture + unfrozen & frozen moisture fraction.  

▪Locking water fields is ongoing research

• What matches well between Snr and Jnr: U, V, Ө, П, sensible heat flux and 
fields only depending on these.
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DJF precipitation (40 year average): N96-N48

Large-scale (top) and convective (bottom) precipitation. For hybrid runs, only 
coupling Snr->Jnr, not Jnr->Snr, i.e. UKCA on for Snr.

Stand alone N48 Overwriting U, V, Ө, П & soil Overwriting water & cloud as well
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Future work

• Try bicubic remapping with OASIS3-MCT

• Evaluation with AMIP jobs across all resolutions

• Remove radiation from Snr (for extra speed)

What we’re likely to do

What we might do

• Further speed-up options

▪ Reduce Snr to dynamical core

▪ Reduce vertical levels in Jnr

▪ Remove stratosphere from Snr

• Snr as limited area model over Himalayas – in hope that higher resolution here 
will improve global circulation. 

Linear remapping 
suppressing convection
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17 June 2020

Time-dependent regional features of ocean heat uptake 
in CMIP6 ESMs
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Historical OHC change, global, full-depth

• UK models: Global ocean warming 
rate since 1975 ~realistic for full-depth 
ocean; slightly too large after 1991

• No ocean heat uptake 1965 to 1975, 
in contrast to observations that show 
about 70 ZJ OHU in this time. 

• CNRM models: closer to 
observations, especially CNRM-
ESM2-1. Warming rate after 1991 
slightly too small.

• UK models have a larger (negative) 

aerosol forcing and a larger (positive) 

GHG forcing

Eff. Radiative forcing in 2014 [W m-2]

Model UKESM

1 

HadGEM3-

GC3.1-LL

CNRM-

ESM2-1

CNRM-

CM6-1

FANT 1.61 1.81 1.59 1.50

FWMGHG 2.89 3.09 2.41 2.64

FAER -1.13 -1.10 -0.82 -1.21

UK models CNRM models

Reference period: 
2005-2014
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Regional ocean heat uptake

• 0-700 m layer: CNRM models mostly 
within observational uncertainty, 
slightly too warm in the Pacific

• 0-700 m layer: UK models much too 
cold before 1991, much too warm 
after, especially in the Atlantic

• Before 1991 UK models are too cold in 
all basins. After 1991, the excessive 
warming happens only in the Atlantic 
basins. 

{North, South} {Atlantic, Indian, Pacific}
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Decadal temperature trend 
(1965-1974) to (1995-2004) 
in UKESM1 (red) and 
WOA18 (black), detrended 
at each layer

Global OHU

• UKESM1: before 1991, only SP OHU correlates with 
global OHU. After 1991, it’s SP and both Atlantic 
basins

• CNRM: SA and SI correlate with global OHU 
throughout

Global northward heat transport (0)

• UKESM1: negative correlation with SP OHU before 
1991, positive correlation with OHU in both Atlantic 
basins after 1991

• CNRM: negative correlation with global and regional 
OHU throughout

Conclusion

• In UKESM1, global OHU is dominated by the SP 
before 1991. After 1991, the global MOC transports 
heat to the NA where it accumulates (reduced surface 
heat loss).

• In the CNRM super-ensemble, global OHU is 
dominated by the Southern Ocean throughout. The 
heat transported into the NA is lost to the atmosphere

• The ocean component in all models is the same –
reason for the difference probably in coupled 
centennial variability modes

Regionally: 

Huge simulated warming in deep North Atlantic. 

Strong warming and large variability in the abyssal 
South Pacific. 

Mid-depth cooling trend mostly in Southern 

Hemisphere. 

Ensemble spread correlation between regional 0-
2000m OHU and (top) northward heat transport at 
the Equator (b) global mean surface net heat flux 
(positive when the net flux is downward), (bottom) 
global mean 0-2000m OHU. Hatching indicates 
significant correlation coefficients (p < 0.05). 

NA        SA         NI          SI            NP       SP

NA        SA         NI          SI            NP       SP

NA        SA         NI          SI            NP       SP

{North, South} {Atlantic, Indian, Pacific}

Global OHU         

Global/ regional ensemble 
spread analysis
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Evaluating stratospheric ozone and 
water vapor changes in CMIP6 

models from 1850–2100 

James Keeble
Keeble, J., Hassler, B., Banerjee, A., Checa-Garcia, R., Chiodo, G., Davis, S., Eyring, V., Griffiths, P. T., Morgenstern, O., Nowack, P., 

Zeng, G., Zhang, J., Bodeker, G., Cugnet, D., Danabasoglu, G., Deushi, M., Horowitz, L. W., Li, L., Michou, M., Mills, M. J., Nabat, P., 

Park, S., and Wu, T.: Evaluating stratospheric ozone and water vapor changes in CMIP6 models from 1850–2100, Atmos. Chem. Phys. 

Discuss., https://doi.org/10.5194/acp-2019-1202, in review, 2020.

1
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Total Column Ozone (CMIP6 Multi Model Mean)

Above: Zonal mean ozone difference between end 

of century and present day for SSP1-2.6 (left) and 

SSP5-8.5 (right)

Left: CMIP6 multi model mean evolution of total 

column ozone for different latitude ranges
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Total Column Ozone (CMIP6 Individual Models)

Left: Evolution of 

Total Column 

Ozone in individual 

CMIP6 models over 

the historical 

period (1850-2014)

Right: Zonal mean 

difference between 

each individual 

CMIP6 model and 

the CMIP6 MMM 

for the present day 

(2000-2014)



4

Stratospheric Water Vapour

Above: H2O CH4 tracer tracer plot

Left: Total column ozone for individual CMIP6 

models in the historical period (1850-2014) for 

different latitude ranges
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A perturbed parameter ensemble of 

UKESM-A to understand aerosol forcing

Ken Carslaw, Leighton Regayre

Leeds: Kirsty Pringle, Jill S Johnson, Dan Grosvenor, Hamish Gordon, Masaru 

Yoshioka, Ananth Ranjithkumar, Carly Reddington

CEMAC: Chris Symonds, Mark Richardson

Oxford: Lucia Deaconu, Tom Langton, Duncan Watson-Paris, Haochi Che, Philip Stier

Met Office: Jane Mulcahy, David Sexton, John Rostron, Ben Johnson, Steven 

Turnock, Mohit Dalvi, Alejandro Bodas-Salcedo

NCAS: Grenville Lister, Alex Archibald
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What we know from previous PPE analyses

RFACI (W m-2) 

Regayre et al., ACPD, 2019

We can constrain aerosol 

forcing, using a diverse set of 

measurements (over 9000)

AER PPE

26 aerosol parameters 

HadGEM3-GA4.0

AER-ATM PPE

27 aerosol and physical 

atmosphere parameters

HadGEM3-GA4.0

Inter-annual variability, spatial 

and temporal representation 

errors limit constraint efficacy

We cannot tightly constrain 

globally perturbed anthropogenic 

emission parameters

Model 

equifinality

(compensating 

parameter 

effects) limits 

constraint 

efficacy
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Features of the A-CURE UKESM1 PPE

2016-2017

meteorology 

with 2014

(CMIP6) 

anthropogenic 

emissions

Aerosol 

emission, 

process and 

deposition 

parameters

Physical 

atmosphere 

parameters 

(clouds, 

radiation, 

precipitation)

Regional 

anthropogenic

emission

parameters

2-stage PPE 

creation to 

filter out poor 

model variants 

UKESM1-A 11.2 

with model 

structural 

developments High time 

frequency 

output to 

match 

campaign data

55

parameters
A community 

resource:

We welcome 

collaborations 

and wider use 

of the PPE
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Preliminary A-CURE UKESM1-A PPE 

analysis

For some variables, 

we can readily 

identify the key 

sources of 

uncertainty

Effects of regional 

anthropogenic emission 

scale factors can be localised

Parameters can have 

compensating 

regional effects

UKESM1 structural changes 

may be an important source 

of uncertainty

-ve Gradient         +ve

Sea Spray scale factorUpdraft velocity (sig_w)
C

D
N

C
 (

cm
-3

)

A
O

D

H2SO4 LWP IWP

Chinese SO2 emission scale factor
Cloud top entrainment rate 

(a_ent_1_rp)

Primary marine organic emissions 

scale factor
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Climate and Earth system change at 

different levels of global mean warming

Rob Parker     |    rjp23@le.ac.uk       |     University of Leicester

Colin Jones (NCAS), Ranjini Swaminathan (NCEO), Rob Parker (NCEO), Doug Kelley (CEH), Jeremy 

Walton (MOHC), Yongming Tang (MOHC)

+ many others (at NCAS, CEH, NCEO, MOHC, NOC, PML)



Global Warming Thresholds

Rob Parker     |    rjp23@le.ac.uk       |     University of Leicester

In addition to analysing the temporal evolution of climate

change, we can also ask:

q How will the climate & Earth system look at different

levels of global mean warming ?

q What regional changes (and associated impacts)

might be avoided if global warming is limited to X°C

instead of Y°C?

q Analyse changes in the coupled Earth system at

different levels of global warming; using the UKESM1

and the ScenarioMIP multi-model ensemble

We identify the year a UKESM1 simulation exceeds a 

global warming threshold (GWT) relative to it’s own 1850-

1900 climate and using 21 year centred mean climate 

states.



Year of GWT exceedance

Rob Parker     |    rjp23@le.ac.uk       |     University of Leicester

Exceedance years calculated for UKESM1 and a number of 

CMIP6 models Using four scenarioMIP Tier 1 SSPs



Spatial seasonal patterns of surface warming at GWT = 2°C and GWT = 4°C

Rob Parker     |    rjp23@le.ac.uk       |     University of Leicester

High latitude 

winter warming

exceeds 8°C at

GWT=4°C 

Summer warming 

amplified by ~75% 

Central Europe & 

Mediterranean & 

central N. America 

at GWT= 2°C

~50% or more 

amplification of 

mean warming over 

Amazon at 4°C

Indian subcontinent

warms less than 

the global mean

during summer 

monsoon



Summary and Next Steps

Rob Parker     |    rjp23@le.ac.uk       |     University of Leicester

• Establish the significance of changes compared to internal (natural) variability

• Sensitivity of changes per GWT to different SSP pathways.

• Extend to other variables; e.g. precipitation minus evaporation, soil moisture 

• Extend to higher time frequencies; e.g. heatwaves, droughts, extreme rainfall, wind storms etc

• Extend to impacts-relevant metrics; e.g. drought duration, water availability, warm/humid nights etc

• Focus on sensitive regions; e.g. Mediterranean, Amazon, Northern latitudes, monsoon systems. 

• Consider co-variability of changes/impacts across the coupled Earth system;

e.g. heatwaves/droughts & changes in vegetation, carbon uptake, air quality (all interactive in 

UKESM1)

• Expand to marine changes and associated impacts

• Expand to use the CMIP6 multi-model ensemble


