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Summary of project objectives(10 lines max)

The scientific objectives of the project are to dynamically dowles€MIP6 data to provide high resolutic
regional climate projections for Europe (EtC@RDEX) and Ireland using both standard atmospirdye(WRF
and COSM@LM) and coupled atmospheceeanwave (COAWST) Regional Climate Mo@RISMs) The
resulting dataets will add to a larger ensemble of RCM data currently being produced at a nation
European scale (EUROCh w59 - 0 @ ¢ KS Fdzii dzZNBE Of A Y I-MiES {A{at2.6,BORAH,N
SSPJ.0 and SSP8.5) scenarios.

Summary of problems encountered10 lines max)

The problems encounteredere minimd. The implementation and running of the WRF & COSM® RCMs
on the new Atmos system presented no issues.

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

The PI will continue toun the simulatiors outlined in Tablel & 2 during year3. In addition, the COAWST
RCM will be runi-urthermore, the RCM work will contribute to the CORDEX project by running the required
outer domain of selected RCM simulations on the ED@RDEX domains, conforming to the CORDEX
standards, and extendirthe simulation period to 195@100 (for the outer domain).

List of publications/reports from the project with complete references

No publications; Anumber are in preparation.
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Summary of Results

TheRegional Climate Modelling (Rresearchinvolves downscaling CMIP6 data to provide high resolution
(4km) climate projections for Ireland usitige COSM@LMand WRF RCMs for the period8®2100. The
future climate is simulated unddr f f T M @NUPBISBR SEBG, SSR2.5, SP37.0 and SSPS.5)
scenariosThe outer domain (used to drive the inner 4km domain) was run at 12km (C@&M@Pand 20km
(WRF), and roughly corresponds to the EGORDEX domain.

The choice of CMIP6 data for downscaling was informed by a careful review cartibg BurcCORDEX
partners. This study identified an initial set of CMtR@asets based on many factors, e.g., model level data
availability, SSP coverage (S SSP2.5, SSR3.0 & SSPB.5), model resolution, Equilibrium Climate
Sensitivity (ECS; low, medium & high), model skill, e.g., JJA/DJF Extratropical Stormrainsiekt Climate
Responsecirculation and sea surface temperature validations. Informed by this study, and with particular
weight given to ensuring a plausible spread of ECS, the CMIP6 datasets presented Inwhitéeshading)

were chosen for initiedownscaling over the Irish domain. The choice of CMIP6 data is further confirmed by
a separate 2021 study carried out by the Finnish Meteorological Institute (Ruosteenoja, K., 2021). This
filtering of CMIP6 models results in a highality, representatie, and manageable ensemble for downscaling
over Ireland.

CMIP6 Model Ensemble id # 4km Atmospheric
Simulations resolution
(4 x SSPs)
MIROC6 rlilpifl 2.61 1 200 km
COSMECLM
MPIESM12-HR rlilpifl 4 100 km
r2ilplfl COSMECLM & WRF,
ECEarth3 r1lilpifl 1 79 km
WRF
ECEarth3-Veg r12ilpifl 4 79 km
r14ilpifl COSMECLM & WRF,
CMCE&CM2SR5 rlilplfl COSMECLM 100 km
NorESM2.M rlilplfl 2.54 250 km
MPIESM22-LR rlilplfl 3 250 km
CMCEESM2 rlilplfl ?? 100 km
ACCESESM15 rlilplfl 3.87 250 km
CNRMESM21 rlilplfl 4.76 110 km

Tablel. Initial CMIP6 data selected for downscalowgr Ireland (white shading). The datasets shaded in
blue are currently runningvhile orange are CMIP6 datasets highlighted for future downscaling.

The RCM configurations were validated by downscaling the European Centre for MBdinge Weather
Forecasts (ECMWF) ERAS reanalyses for-gadtdal time periods and comparing the output with Met
Eireann observational dat&ee Figwrs 14 for preliminaryvalidations of2m temperature and precipitation
as resolved by the COSMILM5ERASNdthe downscaledCMIP6 simulationdt is noted that WRF has a
cold bias and tends to be wetter compared to COSGIM. For temperature, averaged over the courttng
Mean Absolute Error MAE ranges from 0.24 (COSMELM5ERAS5 4km) to 2.32 (WRFECEath
r11ilplfl note that this GCM also has a large cold hiker precipitation, averaged over the country, the
MAE ranges from 9.4% (COSI@OM5ECEarth3Veg rRilplfl) to 32% (WRMPFESM12-HRrlilplfl).
While the WRF biases are generally larger, it is noted that the bias and MAE are(giiltre sign of the
bias is consistent)lhis is desirable for the biasrrecting that will be carried out as part ibfe Met Eireann
TRANSLATE project.
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Observations COSMOS5-CLM ERA5 4km COSMO-CLM ECEarth3_Veg r12i1p1fi COSMO-CLM ECEarth3_Veg r14i1p1f1
Mean 2m Temperature (1981-2014) Annual Mean 2m Temperature (1981 -29} 4)  Annual Mean 2m Temperature (1981 -29} 4)  Annual Mean 2m Temperature (1981 -29} 4)

5
- A P & %
| 'S %

BB IDMN - OO - UMD UMM N
6 7 8 9 10 1 12 6 7 8 9 10 1 12 6 7 8 9 10 1 12 6 7 8 9 10 1 12

COSMO-CLM MIROCS6 rti1p1f1 COSMO-CLM MPI-ESM1-2-HR r1i1p1f1 COSMO-CLM MPI-ESM1-2-HR r2i1p1f1 WRF ECEarth3 r11i1p1f1
Annual Mean 2m Temperature (1981 -29) 4)  Annual Mean 2m Temperature (1981 -29) 4)  Annual Mean 2m Temperature (1981 -291 4)  Annual Mean 2m Temperature (1981 -29) 4)
r o DN = - > %5 >

e

WRF ECEarth3-Veg r12i1pif1 WRF ECEarth3-Veg r14i1pif1 WRF MPI-ESM1-2-HR r1i1p1f1 WRF MPI-ESM1-2-HR r2i1p1f1
Annual Mean 2m Temperature (1981 -29}1 4)  Annual Mean 2m Temperature (1981 -2&1 4)  Annual Mean 2m Temperature (1981 -2LOJ 4)  Annual Mean 2m Temperature (1981 -29) 4)

B | DM -, BN DM (DM -, N UM (U - D[
6 7 8 9 10 " 12 6 7 8 9 10 " 12 6 7 8 9 10 1" 12 6 7 8 9 10 1 12
Figurel. Observations, COSMCLM5ERAS and RGRMIP8Vean 2m Temperature (1982014)
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COSMO-CLM-ERAS 4km
Bias Mean 2m Temperature (1981 201)
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Figure2. COSMECLM5ERAS and RGRIMIPGMean 2m TemperaturBias(1981-2014)
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Observations
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Mean Annual Precipitation (1981-. 201J
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CMIP6 ESM

Ensemble id

Historical
19802014
Progress

SSP22.6
20152100
Progress

SSPA.5
20152100
Progress

SSP&.0
20152100
Progress

SSP8.5
20152100
Progress

WRF ECEarth AOGCM Complete Complete Complete Complete Complete

(20 & 4km) rililpafl
WRF ECEarth-Veg Complete Complete Complete Complete Complete

(20 & 4km) ri2ilpafl
WRF ECEarth-Veg Complete Complete Complete Complete Complete

(20 & 4km) rl4ilpafl
COSMECLM5 ECEarth-Veg Complete Complete Complete Complete Complete

(12 & 4km) r12ilpafl
COSMECLM5 ECEarth-Veg Complete Complete Complete Complete Complete

(12 & 4km) rl4ilpafl
COSMECLM5 MPI-ESM12-HR Complete Complete Complete Complete Complete

(12 & 4km) rlilpafl
COSMECLM5 MPI-ESM12-HR Complete Complete Complete Complete Complete

(12 & 4km) r2ilpafl
WRF MPI-ESM12-HR Complete Complete Complete Complete Complete

(20 & 4km) rlilpafl
WRF MPI-ESM12-HR Complete Complete Complete Complete Complete

(20 & 4km) r2ilpafl
COSMECLM5 MIROC6 Complete Complete Complete Complete Complete

(12 & 4km) rlilpifl
COSMECLM5 CMCECM2SR5 Running Running Running Running Running

(12 & 4km) rlilpifl

Table2. Details of the progress of the initial ensemble of RCMIP6 simulations. The rows present
information on the RCM used, nesting strategy, CMIP6 ESM ensemble id, historica2@1@88imulation

The completed RCM simulations presented in Talder@prise over 4000 years of simulated data (~200 TB)
and are currently being analysereliminary resultare in line with previous RGEMIP5RCP projections

progress, future (201:2100) simulation progress for each SSP

for Ireland (EPA report 339) whieldds a measure of confidence to the projections

Projections of numerous variables (e.g., temperature, precipitation, 10m wind, snoggaltific & relative
humidity, MSLP, surface solar radiation, cloud cover, air density, 10cm soil tempgrandedeived

products (e.g., heatwaves, frost & ice days, growing & grazing season, growing degree days for crops & pests,
heavy rainfall days, dry daysirbine height wind powersolar photovoltaicpower, heating degree days,

driving rain,evapotranspiratio) were analysed To quantify the uncertainty in the projections, the™3&50"

and 66" percentiles of the ensemble of projections are calculatedhifhlight areas of uncertaintyor each

figure, hatchingis includedwhere the P33 & P66 projections haviéfefent signs.Other methods such as
investigating if [mean|- std > Owill be returned to when the ensemble size is larger.

Examples of the analysed projectionsiclude
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2.2 Technical Work

The PI spent a large proportion of the periadder review implementing and testirige RCMs on thatos
HPC platformsSpecifically, the PI:
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Annual Ensemble Mean Temperature Change w.r.t 1981-2010
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Figure5 RCMCMIP6 ensemble projections of mean annuah 22mperature. All RCM ensemble members

were run with 4km grid spacing. In each case, the futurey@@r period is compared with the past period,

1981¢2010. The results were obtained from analysing 10 S§ATRSSP245,10 SSP370 and 10 SSP585 RCM

simulations. The numbers included on each plot are the minimum and maximum projected changes,
displayed at their locations.
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Figure6. Seasonal RCM ensemble projections of meamt2mperature;(a) winter, (b) spring,(c) summer

and(d) autumn. In each case, the future-§@ar period is compared with the past period, 1§8010. The

numbers included on each plot are the minimum and maximprojected changes, displayed at their
locations.
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Annual SS5P126 SSP245 S5P370 SSP585

T2M P33 | PS50 | mean | P66 | P33 | PSO | mean | P66 | P33 | P50 | mean | P66 | P33 | PSO | mean | P66
2021-2050 | 0.43 | 047 0.66 0.56 04 | 048 0.75 0.58 0.4 0.7 0.86 0.85 [ 041 | 045 0.79 0.73
2041-2070 | 0.48 | 0.54 0.81 0.66 | 0.49 0.6 1 072 | 053 | 103 1.36 13 0.78 | 0.85 1.36 132

2071-2100 | 032 | 058 | 1.01 | 1.26 | 0.84 | 0.88 | 157 | 1.91 | 1.61 | 1.8 | 229 | 246 | 1.99 | 2.43 | 2.85 | 3.26

Winter SSP126 SSP245 SSP370 SSP585
T2M P33 | PSO | mean | P66 | P33 | PSO | mean | P66 | P33 | P50 | mean | P66 | P33 | PSO | mean | P66
2021-2050 | 0.31 | 0.44 0.6 055 | 0.23 | 0.26 0.6 072 | 0.36 | 046 0.75 057 | 0.39 | 043 0.7 0.62
2041-2070 | 0.41 0.5 0.68 0.64 | 0.34 | 047 0.88 0.63 | 0.89 | 0.9 1.24 111 | 0.7 0.88 1.2 112
2071-2100 | 013 | 055 | 088 | 118 | 0.65 | 0.85 13 165 | 1.59 | 1.67 | 2.02 | 198 | 1.89 | 2.39 | 248 | 275

Spring SSP126 SSP245 SSP370 SSP585
T2M P33 | PS5O | mean | P66 | P33 | PSO | mean | P66 | P33 | PSO | mean | P66 | P33 | P50 | mean | P66
2021-2050 | 0.08 | 013 0.39 058 | 015 | 027 0.55 0.5 0.2 0.38 0.58 056 | 0.09 | 0.24 | 0.53 0.44
2041-2070 | 0.21 | 0.24 0.63 051 | 015 | 019 0.67 04 | 057 | 0.67 1.03 087 | 04 0.54 | 093 0.66
2071-2100 | 0.07 | 0.23 | 078 09 | 037 | 047 | 111 | 124 [ 128 | 131 177 | 161 | 143 [ 167 [ 214 | 228

Summer SSP126 SSP245 SSP370 SSP585
T2M P33 | PS5O | mean | P66 | P33 | PSO | mean | P66 | P33 | PSO | mean | P66 | P33 | PSO | mean | PE6
2021-2050 | 0.47 | 0.56 0.76 0.8 0.49 | 0.59 093 098 | 054 | 091 0.97 115 | 0.51 | 0.6 0.9 0.9
2041-2070 | 0.51 | 0.56 0.9 071 | 0.57 | 0.67 113 099 | 0.58 | 123 1.48 162 | 1.04 | 112 1.57 1.67
2071-2100 | 0.39 | 0.67 1.07 1.5 0.95 | 1.03 179 235 | 178 | 213 2,59 3.1 222 | 2.82 3.27 413

Autumn SSP126 SSP245 SSP370 SSP585
T2M P33 | PS5O0 | mean | P66 | P33 | PSO | mean | P66 | P33 | PSO | mean | P66 | P33 | PSO | mean | PE6
2021-2050 | 0.64 | 0.66 0.88 0.79 | 0.54 | 057 051 0.69 | 0.53 | 0.5 1.13 123 | 063 | 0.71 1.04 11
2041-2070 | 0.69 | 0.76 1.04 092 | 0.86 | 0.88 131 1.05 | 1.08 1.3 171 195 | 0.96 | 1.04 1.72 198
2071-2100 | 0.69 | 0.85 13 1.54 1.3 14 21 262 | 1.82 | 217 2.79 332 | 243 | 284 3.5 4.07

Table3. Thistable corresponds to the above Annual T2M projec8digures (5&6)andshows the 3%, 50"

percentile, mean & 68percentile average over the island of Ireland (land poimtsmall spread (& same

sign of projection) corresponds to higher certainty in thiejections. Conversely, large spreearesponds
to higher uncertainty Asimilar table is prepared for each projection (not shown here)

(@) (b)
TX95: Change 95th Percentile Daily Max. Temperature w.r.t 1981-2010 TN5: Change 5th Percentile Daily Min. Temperature 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

-

SSP126: SSP370: 2041-2070

SSP126: 2071-2100 SSP245: 2071-2100 SSP585: 2071-2100

Figure7. Projected changes in extremen2 temperature:(a)top 5% of daily maximum temperatures
(warm summer days) angh) bottom 5% of daily minimum temperatures (cold winter nights). In each case,
the future 30year period is compared with the past period, 1§3210. The numbers included on each plot

are the mnimum and maximum projected changes, displayed at their locations.
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(@) (b)
Projected Change in Number of Frost Days w.r.t 1981-2010 Projected Change in Number of Ice Days w.r.t 1981-2010
SSP126:2021-2050  SSP245: 20212050  SSP370: 2021-2050  $SP585: 2021-2050
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Figure8. Projected changés in the number @) frost days andb) ice days. In each case, the future period
is compared with the past period, 19&4010. The numbers includexh each plot are the minimum and
maximum projected changes, displayed at their locations.
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Annual Ensemble Mean Precipitation Change w.r.t 1981-2010
SSP126: 2021-2050  SSP245:2021-2050  SSP370: 2021-2050

SSP585: 2021-2050
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Figure9. RCMCMIP6 ensemble projections of mean annual precipitation (%). Al RCM ensemble members
were run with 4km grid spacing. In each case, the futurey@ar period is compared with the past period,
1981¢2010. The results were obtained from analysing 10 SSP126, 10 SSP245,10 SSP370 and 10 SSP585 RC
simulations. The numbers included on each plot are the minimum and maximum projected changes,
displayed at thailocations.
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(a) (b)

(©) (d)

Figurel0. Seasonal RCM ensemble projections of mean precipitation@inter, (b) spring,(c) summer
and(d) autumn. In each case, the future-§@ar period is compared with the past period, 1§8010. The
numbers included on each plot are the minimum and maximum projected changes, displayed at their
locations.
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