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Summary of project objectives (10 lines max)
The climate of Ireland and northwest Europe is dominated by the Atlantic Ocean and its interaction
with the atmosphere It is therefore vital for the assessment of national climate change that climate
models demonstrate high skill in the representation of the North Atlantic Ocean, and associated
atmosphere-ocean interactions.
The objectives of the project are:
e investigate and improve the EC-Earth4 Earth System Model in the representation of the
North Atlantic Ocean-Atmosphere System
e contribute to the CMIP7 “Fast Track” project with high-resolution EC-Earth4 simulations
e dynamically downscale CMIP6 data to provide high resolution regional climate projections for
Europe and Ireland using both standard atmosphere-only (WRF and COSMO-CLM) and
coupled atmosphere-ocean-wave (COAWST) Regional Climate Models (RCMs).

Summary of problems encountered (10 lines max)

The problems encountered were minimal. The implementation and running of EC-Earth3&4 on the
Atos system presented no issues. The only minor issues is that the EC-Earth model development is

somewhat delayed and the testing and tuning experiments will commence in July 2026. Because of
this delay, the Pl focused on the RCM component.

Summary of plans for the continuation of the project (10 lines max)

The Pl will work with Met Eireann and the EC-Earth community over the coming year to develop EC-
Earth4 and contribute to CMIP7 “Fast Track” experiments. Specifically, the Pl has committed to
contributing to the EC-Earth4 tuning experiments in H2 2026 and to the EC-Earth4 CMIP7
contributions in 2027.

List of publications/reports from the project with complete references

N/A — Project Commenced in 2025
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Summary of results

The EC-Earth model development is somewhat delayed and the testing and tuning experiments will commence
in July 2026. Because of this delay, the Pl focused on the RCM component.

The future climate is assessed using an ensemble of RCM-CMIP6-SSP simulations with resolution 4km (lreland)
and Europe (mostly 12km). Three RCMs (COSMO-CLM, WRF, COAWST) were used to dynamically downscale
outputs from an ensemble of CMIP6 7 GCMs (CMCC-CM2-SR5, CNRM-ESM2-1, MIROC6, MPI-ESM1-2-HR,
NorESM2-MM, ECEarth3-Veg and ECEarth3). The simulations period is 1981-2100 and the future is simulated
under the four SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5 emission scenarios.

Below are some preliminary projections of Universal Thermal Comfort Index (UTCl). We utilized
pythermalcomfort (Tartarini et al., 2020), a Python package that allows users to calculate UTCI following the
method of Brode et al (2012). The calculation of UCTI requires near-surface temperature (°C), mean radiant
temperature (MRT, °C) , wind speed (m/s) and relative humidity (%). Calculations of MRT follow the method
of Di Napoli et al. (2020a), while UTCl is calculated using the method of Brode et al (2012).

WRF-3DVAR-ERA5 2km
Mean Annual UTCI (1981-2010
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Figure 1. Annual mean UTCI (°C), 1981-2010 as resolved by WRF-3DVAR-ERA5 2km reanalysis (also available
over the UK).
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Annual Mean UTCI Change w.r.t 1981-2010
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Figure 2. RCM-CMIP6-SSP ensemble projections of annual mean UTCI (°C). In each case, the future 30-year
period is compared with the past period, 1981-2010. The numbers included on each plot are the minimum
and maximum projected changes, displayed at their locations. Hatchings are included to highlight areas of
‘uncertainty’; “x” highlights areas where |Uensembiel — Tensembie < 0, “+” highlights areas where the 20%"
and 80™ percentile of ensemble projections have different signs and “*” highlights areas where both

conditions occur.
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Autumn Mean UTCI Change w.r.t 1981-2010
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Figure 3. RCM-CMIP6-SSP ensemble projections of mean UTCI (°C); (a) winter, (b) spring, (c) summer and (d)
autumn. In each case, the future 30-year period is compared with the past period, 1981-2010. The numbers
included on each plot are the minimum and maximum projected changes, displayed at their locations.

Hatchings are included to highlight areas of ‘uncertainty’; “x

P, uLn

highlights areas where |Uensembiel —

Oensembie < 0, “+” highlights areas where the 20" and 80" percentile of ensemble projections have
different signs and “3k” highlights areas where both conditions occur.

July 2026

This template is available at:
http://www.ecmwf.int/en/computing/access-computing-facilities/forms



Annual SSP126 SSP245 SSP370 SSP585
uTcCI P20 | P50 | mean | P80 | P20 | P50 | mean | P80 | P20 | P50 | mean | P80 | P20 | P50 | mean | P80

2021-2050 | 0.2 0.7 0.9 1.2 0.3 0.7 1.0 1.7 | 03 0.9 1.1 19 | 03 | 07 1.1 1.8

2041-2070 | 0.4 0.9 1.1 1.7 0.4 1.0 13 2.5 0.9 1.5 1.8 2.5 0.8 1.2 2.0 3.0

2071-2100 | 0.1 0.7 13 2.6 0.7 13 2.2 3.7 1.8 2.6 3.3 4.9 2.3 3.5 4.1 5.8

Winter SSP126 SSP245 SSP370 SSP585
uTCl P20 | P50 | mean | P80 | P20 | P50 | mean | P80 | P20 | P50 | mean | P80 | P20 | P50 | mean | P80

2021-2050 | 0.3 0.7 0.9 1.2 0.2 0.5 0.8 13 0.4 0.6 1.0 1.5 0.5 0.7 1.1 1.6

2041-2070 | 0.1 0.7 0.9 1.3 0.2 0.8 1.2 2.3 0.9 14 1.6 2.1 0.7 1.1 1.8 2.6

2071-2100 | 0.2 0.5 1.2 2.4 0.5 0.9 1.8 3.0 1.6 2.3 2.9 4.2 2.1 3.2 3.5 4.8

Spring SSP126 SSP245 SSP370 SSP585
UTCI P20 | P50 | mean | P80 | P20 | P50 | mean | P80 | P20 | P50 | mean | P80 | P20 | P50 | mean | P80

2021-2050 | -0.1 | 0.3 0.5 0.8 0.1 0.6 0.8 1.5 0.2 0.8 0.8 1.2 0.1 0.4 0.8 1.3

2041-2070 | 0.2 0.8 0.8 1.1 0.2 0.5 0.9 2.0 0.6 0.9 1.3 1.9 0.5 0.8 1.3 2.1

2071-2100 | 0.1 0.4 1.0 2.4 0.4 1.0 1.6 3.0 1.4 1.8 2.5 3.9 1.9 2.7 3.1 4.2

Summer SSP126 SSP245 SSP370 SSP585
uTCI P20 | P50 | mean | P80 | P20 | P50 | mean | P80 | P20 | P50 | mean | P80 | P20 | P50 | mean | P80

2021-2050 | 0.2 0.8 1.0 1.6 0.3 0.9 1.2 2.2 0.1 1.0 1.2 2.5 0.5 1.0 1.3 2.5

2041-2070 | 0.2 0.8 1.1 2.1 0.5 1.1 1.5 3.1 0.8 1.9 2.0 3.2 1.3 2.0 2.4 3.7

2071-2100 | 0.1 1.0 14 2.7 0.9 1.5 2.5 4.5 1.8 3.2 3.7 5.8 2.7 4.3 4.8 7.2

Autumn SSP126 SSP245 SSP370 SSP585
uTCI P20 | P50 | mean | P80 | P20 | P50 | mean | P80 | P20 | P50 | mean | P80 | P20 | P50 | mean | P80

2021-2050 | 0.3 1.2 1.2 14 0.2 1.0 1.2 1.9 0.4 1.2 1.4 2.2 0.2 1.2 14 2.0

2041-2070 | 0.4 1.2 14 2.1 0.7 1.2 1.8 2.8 1.4 2.0 2.4 3.2 1.1 1.7 2.4 3.6

2071-2100 | 0.3 13 1.6 2.7 1.0 2.0 2.8 4.3 2.2 3.2 4.0 5.7 26 | 48 5.0 7.3

Table 1. This table corresponds to the annual and seasonal UTCI projections of figures 2 & 3 and shows the
20%™, 50" percentile, mean & 80™ percentile average over the island of Ireland (land points). A small spread
(& same sign of projection) corresponds to higher certainty in the projections. Conversely, large spread
corresponds to higher uncertainty.

July 2026 This template is available at:
http://www.ecmwf.int/en/computing/access-computing-facilities/forms



(a) (b)

Mean Winter Minimum UTCI Change w.r.t 1981-2010 Mean Summer Maximum UTCI Change w.r.t 1981-2010
SSP126:2021-2050  SSP245:2021-2050  SSP370:2021-2050  SSP585: 2021-2050 SSP126:2021-2050  SSP245:2021-2050  SSP370:2021-2050  SSP585: 2021-2050
20 04 06
0.9 22 s
11
6 0.5 6
0. X
9 0.7 1.0 1
5 5
L1
19 22 0.9
SSP126:2041-2070  SSP245:2041-2070  SSP370:2041-2070  SSP585: 2041-2070 SSP126:2041-2070  SSP245:2041-2070  SSP370:2041-2070  SSP585: 2041-2070
2 4 4
0 05
21 5 a
26 32 3 3
1.0 14 1.6 21 1.7 4
A 2 2

1.0 21

SSP126: 2071-2100 SSP245: 2071-2100 SSP370: 2071-2100 SSP585: 2071-2100 1

SSP585: 2071-2100
o 0.8 15

SSP126: 2071-2100 SSP245: 2071-2100

5

2.7 22

15 <o 21
29

a4 . 20
Figure 4. RCM ensemble projections of mean (yearly) UTCI (°C) 1981-2010 (a) winter minimum and (b)
summer maximum. In each case, the future 30-year period is compared with the past period, 1981-2010.
The numbers included on each plot are the minimum and maximum projected changes, displayed at their
locations. Hatchings are included to highlight areas of ‘uncertainty’; “x” highlights areas where
|Uensembie|l — Tensempie < 0, “+” highlights areas where the 20™ and 80 percentile of ensemble
projections have different signs and “*” highlights areas where both conditions occur.

Winter SSP126 SSP245 SSP370 SSP585
Min. UTCI P20 P50 [ mean | P80 | P20 | P50 | mean | P80 | P20 | P50 | mean | P80 | P20 | P50 | mean | P80

2021-2050 | 0.4 14 1.5 2.4 0.2 1.2 1.5 2.6 0.4 1.2 1.6 2.6 0.6 1.5 1.8 2.8

2041-2070 | 0.6 1.6 1.8 2.7 0.6 1.6 2.1 3.6 1.3 2.4 2.6 3.5 1.1 2.4 2.8 4.5

2071-2100 | 0.9 2.1 2.3 3.9 0.7 2.2 2.8 4.9 2.7 | 41 4.4 6.3 31 | 49 5.2 7.0

Summer SSP126 SSP245 SSP370 SSP585
Max. UTCI | P20 | P50 | mean | P8O | P20 | P50 | mean | P80 | P20 | P50 | mean | P80 | P20 | P50 | mean | P80

2021-2050 | 0.1 0.7 0.7 1.3 0.1 0.7 0.7 1.4 0.2 0.9 0.9 1.5 0.2 0.8 0.9 1.8

2041-2070 | 0.0 0.8 0.8 1.6 0.2 1.0 1.1 1.9 0.5 1.6 1.5 2.3 1.0 1.7 1.9 2.8

2071-2100 | 0.3 0.9 1.0 1.8 1.0 1.7 1.8 2.6 1.4 2.9 2.6 3.8 2.1 3.8 3.5 4.9

Table 2. This table corresponds to the extreme UTCI projections of figure 4 and shows the 20%", 50t
percentile, mean & 80 percentile average over the island of Ireland (land points). A small spread (& same
sign of projection) corresponds to higher certainty in the projections. Conversely, large spread corresponds

to higher uncertainty.

The EC-Earth4 (4.1.8) model was installed and scale-tested on atos using the intel compilers and intel-
openmpi. The EC-Earth4 AOGCM configuration comprised the following components: OpenlFS 43r3v2, NEMO
4.2.0, XIOS 2.5+ and OASIS3-MCT 5.2. The system was tested using standard MPI and hybrid MPI-OpenMP
(implemented within OpenlFS). Figure 5 presents timings for a one-month simulation. In all runs, the number
of cores for XIOS was set to 1. For each node, numerous different allocations of cores between OpenlFS and
NEMO were tested to quantify the optimal balancing of cores between model components. The figure
presents the optimal timing for each node. The higher resolution versions of EC-Earth v4 were not available
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for testing at the time of the scaling experiments, but it is expected that the high-resolution model will better
avail of the hybrid MPI-OpenMP configuration.
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Figure 5. EC-Earth4 TL159L91-ORACA1L75 timings for a one-month simulation.
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