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Summary of project objectives (10 lines max)

The aim of this project is to produce and assess a set of future climate projections for Ireland by
downscaling EC-Earth CMIP6 climate data using HCLIM (Belusic et al. 2020), a regional climate
model based on the HARMONIE NWP modelling system (Bengtsson et al., 2017). A two-stage
downscaling approach is taken (global —> 12km —> 4km) with three experiments planned:

Experiment 1: HCLIM driven by lateral boundary conditions from ERAS for the period 1981-2000.
This run will be used to validate Experiment 2.

Experiment 2: HCLIM driven by lateral boundary conditions from an EC-Earth CMIP6 ensemble
member for the present-day period 1981-2015. This run will be used as a reference for Experiment 3.

Experiment 3: HCLIM driven by lateral boundary conditions from an EC-Earth CMIP6 ensemble

member for the “future” period 2015-2100, simulated using two ScenarioMIP “Tier 1” Shared
Socioeconomic Pathways (SSPs); SSP2—4.5 and SSP5-8.5.

Summary of problems encountered (10 lines max)

The EC-Earth CMIP6 simulations were delayed due to technical problems, which in turn delayed
the start of this project. A bug in the latest version of HCLIM when downscaling to 4km using
HARMONIE-AROME physics was also discovered during testing and was resolved with the help
of the HCLIM partners.

Production runs began in Q4 2020. Experiments 1 and 2 were completed in early 2021. The SSP2—
4.5 part of Experiment 3 was completed in Q4 2021, while the SSP5-8.5 run is underway and is on
track to be completed in Q3 2022.

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

The future scenario runs in Experiment 3 will form part of a downscaled CMIP6 ensemble for Ireland
comprising of output from EC-Earth CMIP6 simulations downscaled using the WRF, COSMO-CLM,
COAWST and HCLIM regional climate models. This ensemble will serve as a crucial input to Met
Eireann’s TRANSLATE project, a 2-year project to standardise national climate projections for
Ireland: https://www.met.ie/science/translate.

TRANSLATE requires downscaled simulations for all four main SSP scenarios. Therefore, EC-Earth
CMIP6 SSP1-2.6 and SSP3-7.0 scenarios remain to be downscaled using HCLIM after the planned
SSP2-4.5 and SSP5-8.5 scenarios in Experiment 3 have been completed. Met Eireann has sufficient
computational resources to complete downscaling of the SSP1-2.6 scenario. A new project proposal
for a 1-year continuation of this project with the goal of downscaling the SSP3—7.0 scenario has been
submitted for 2022.

List of publications/reports from the project with complete references

N/A

June 2022 This template is available at:
http://www.ecmwf.int/en/computing/access-computing-facilities/forms


https://www.met.ie/science/translate

Summary of results

Production runs

A two-stage approach was used to downscale. EC-Earth data was downscaled first to 12 km over a
domain covering Ireland and Western Europe with HARMONIE-ALADIN physics and
subsequently to 4 km with HARMONIE-AROME physics over a domain covering Ireland and UK.
The domains are shown in Fig. 1.
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Fig.1 Domains of the 12 km resolution (red) and 4 km resolution runs (orange)

Experiments 1 and 2 have been completed, as well as run SSP2-4.5 of Experiment 3. The remaining
Experiment 3 run, SSP2-4.5, is currently underway. As of the end of June 2022 it has completed to
2080 and is expected to be completed by August 2022.

Data preparation

Before downscaling the EC-Earth runs (Experiments 2 and 3), the raw EC-Earth CMIP6 data had to
be made compatible with HCLIM, a step required for downscaling CMIP6 EC-Earth runs. Working
scripts from HCLIM partners at SHMI were developed for this in 2020 and the latest version of
these were modified, adapted and implemented to convert the raw IFS and NEMO EC-Earth grib
files. Converted grib files were produced and these could then be used as input for the EC-Earth
runs.

Validation

Experiment 1 is used to validate Experiment 2. Validation of runs has started and is ongoing. Basic
sanity validation checks of all runs have been carried out whereby the downscaled HCLIM output
was compared with the original ERAS and EC-Earth data, and further validation tests of the ERAS
and EC-Earth runs are underway.

The spatial distribution of temperature, mean sea level pressure, magnitude of wind speed and
precipitation of HCLIM output, at different time steps from January over 1980 to 2001, were
compared. Output from the 12 km and 4 km ERAS5 HCLIM runs was compared directly to that of
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the ERAS dataset, and output from the 12 km and 4 km historical EC-Earth HCLIM run compared
to EC-Earth model

output. The ERAS run (Experiment 1) and historical EC-Earth run (Experiment 2) performed well,
with spatial patterns matching well overall. Output from the future EC-Earth SSP2-4.5 and SSP5-
8.5 HCLIM runs was compared to EC-Earth model output. This run also performed well, with
spatial patterns also found to match well overall.

Further in-depth validation tests are currently underway and will be presented in the final report.

Next steps

The SSP5-8.5 run of Experiment 3 will be completed later this year. We intended on carrying out an
additional future scenario downscaling run of the SSP3-7.0 scenario next year (see the request for a
1-year continuation of this project).

References

Belusi¢, D., de Vries, H., Dobler, A., Landgren, O., Lind, P., Lindstedt, D., Pedersen, R. A.,
Sénchez-Perrino, J. C., Toivonen, E., van Ulft, B., Wang, F., Andrae, U., Batrak, Y., Kjellstrom, E.,
Lenderink, G., Nikulin, G., Pietikdinen, J.-P., Rodriguez-Camino, E., Samuelsson, P., van
Meijgaard, E., and Wu, M.: HCLIM38: a flexible regional climate model applicable for different
climate zones from coarse to convection-permitting scales, Geosci. Model Dev., 13, 1311-1333,
https://doi.org/10.5194/gmd-13-1311-2020, 2020.

Bengtsson, L., Andrae, U., Aspelien, T., Batrak, Y., Calvo, J., de Rooy, W., Gleeson, E., Hansen-
Sass, B., Homleid, M., Hortal, M., Ivarsson, K.-I., Lenderink, G., Niemel4, S., Nielsen, K. P.,
Onvlee, J., Rontu, L., Samuelsson, P., Mufioz, D. S., Subias, A., Tijm, S., Toll, V., Yang, X., and
(Adegaard Kgltzow, M.: The HARMONIE-AROME model configuration in the ALADIN-HIRLAM
NWP system, Mon. Weather Rev., doi:10.1175/MWR-D-16-0417.1, 2017.

Doscher, R., Acosta, M., Alessandri, A., Anthoni, P., Arneth, A., Arsouze, T., Bergmann, T.,
Bernadello, R., Bousetta, S., Caron, L.-P., Carver, G., Castrillo, M., Catalano, F., Cvijanovic, I,
Davini, P., Dekker, E., Doblas-Reyes, F. J., Docquier, D., Echevarria, P., Fladrich, U., Fuentes-
Franco, R., Groger, M., v. Hardenberg, J., Hieronymus, J., Karami, M. P., Keskinen, J.-P., Koenigk,
T., Makkonen, R., Massonnet, F., Ménégoz, M., Miller, P. A., Moreno-Chamarro, E., Nieradzik, L.,
van Noije, T., Nolan, P., O’Donnell, D., Ollinaho, P., van den Oord, G., Ortega, P., Prims, O. T.,
Ramos, A., Reerink, T., Rousset, C., Ruprich-Robert, Y., Le Sager, P., Schmith, T., Schrodner, R.,
Serva, F., Sicardi, V., Sloth Madsen, M., Smith, B., Tian, T., Tourigny, E., Uotila, P.,
Vancoppenolle, M., Wang, S., Warlind, D., Willén, U., Wyser, K., Yang, S., Yepes-Arbos, X., and
Zhang, Q.: The EC-Earth3 Earth System Model for the Climate Model Intercomparison Project 6,
Geosci. Model Dev. Discuss. [preprint], https://doi.org/10.5194/gmd-2020-446, in review, 2021.

Eyring, V., Bony, S., Meehl, G. A., Senior, C. A., Stevens, B., Stouffer, R. J., and Taylor, K. E.:
Overview of the Coupled Model Intercomparison Project Phase 6 (CMIP6) experimental design and
organization, Geosci. Model Dev., 9, 1937-1958, https://doi.org/10.5194/gmd-9-1937-2016, 2016.

O’Neill, B., Kriegler, E., Riahi, K., Ebi, K.L., Hallegatte, S., Carter, T.R., Mathur, R. and D.P. van
Vuuren (2014) A new scenario framework for climate change research: the concept of shared
socioeconomic pathways. Climatic Change, Special Issue, Nakicenovic N, Lempert R, Janetos A
(eds) A Framework for the Development of New Socioeconomic Scenarios for Climate Change
Research.

June 2022 This template is available at:

http://www.ecmwf.int/en/computing/access-computing-facilities/forms



	SPECIAL PROJECT PROGRESS REPORT

