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Future changes in precipitation over the Arctic projected by massive ensemble simulations
with a 60-km mesh global atmospheric model

Shoji KUSUNOKI*
'Meteorological Research Institute (MRI), Climate Research Department

We conducted massive ensemble global warming projections using a global atmospheric model with high-horizontal
resolution of 60-km grid size (MRI-AGCM3.2H). For the present-day climate of 25 years from 1979 through 2003, we forced
the model with the observed historical Sea Surface Temperature (SST), sea ice concentration (SIC) and sea ice thickness (SIT)
with an ensemble size of 100 giving different small perturbations in SST, SIC and SIT. For the future climate, a 25-year
integration is conducted, in which the global-mean surface air temperature is 4 K warmer than the pre-Industrial level
corresponding to conditions around the 2090s under the Representative Concentration Pathways 8.5 (RCP8.5) emission
scenario. In order to estimate the uncertainty, we adopted SST changes projected by 6 coupled models of the Fifth phase of
Couple Model Intercomparison Project (CMIP5). For each SST distributions, 15-member ensemble simulations are conducted
for different atmospheric initial conditions and small perturbations in SST. Thus, total ensemble size amounts to 90. These
series of experiments are called "the database for Policy Decision making for Future climate change" (d4PDF; Mizuta et al.
2017)

Reproducibility of annual precipitation (PAVE) and 5-day precipitation (R05d) over the Arctic by MRI-AGCM3.2H is
almost comparable to CMIP5 atmospheric models. Figure 1 shows the future change in PAVE and R05d over the Arctic. The
increase of PAVE is larger than R05d. This is contrary to global, tropical and mid-latitude regions where the increase of R05d
is larger than PAVE (Figure 2). This suggests that the mechanism of precipitation change over polar regions is different from
other regions. This tendency is consistent with previous studies (Kusunoki at al. 2015; Kusunoki 2017).
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(a) PAVE RA=45.2% (b) RO5d RA=37.9%
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Figure 1. Future .changes in precipitation over the Arctic (67.5-90°N). Change (%) is relative to presen-day climatology at each grid
point. Value of RA shows regoiona average. (a) PAVE, (b) R05d. 100-memmber simulations are averaged for present-climate. 90
member simulations are averaged for future-climate. Hatched regions show changes above the 95% significance level.
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Figure 2. Dependence of precipitation change (%) on regions. ARCT: Arctic (67.5-90°N), MIDN:Mid-Iatitudes in the Northern
Hemisphere (20-67.5°N), TROP: Tropics (20°S-20°N), MIDS: Mid-latitudes in the Southern Hemisphere (67.5-20°S) , ANTA: Antarctica
(67.50-90°S), GLOB: Global (90°S-90°N).

Reference

Kusunoki, S., 2017: Future changes in global precipitation projected by the atmospheric model MRI-AGCM3.2H with a 60-
km Size. Atmosphere, 8, 93;doi:10.3390/atmos8050093

Kusunoki, S, R. Mizuta and M. Hosaka, 2015: Future changes in precipitation intensity over the Arctic projected by a global
atmospheric model with a 60-km grid size, Polar Science, http://dx.doi.org/10.1016/j.polar.2015.08.001 R.

Mizuta, R. et al., 2017: Over 5,000 years of ensemble future climate simulations by 60-km global and 20-km regional
atmospheric models. Bull. Amer. Meteor. Soc., 98, 1383-1398, d0i:10.1175/BAMS-D-16-0099.1



