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1. Introduction 4. Responses of sea ice properties

* There has been a dramatic change in the Arctic sea ice in recent years. : L :
4.1. Sea ice response to radiative forcing

* Sea ice modeling is an important approach to accounting for these rapid changes and
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2. Method
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larger downward longwave radiation forcing caused a

decrease in the overall mean albedo, increasing the thermal

Table 1. Description of the CICE5 model configuration. N ] e energy and accelerating the melting of sea ice. This sea ice-
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(Figure 3(c)). As a result, the average sea-ice volume in the
LW (ERA) experiment was less than that in REFERENCE

Atmospheric forcings Monthly: downward longwave radiation (W m2), downward shortwave radiation (W m2), total precipitation rate (kg m2s™)
(Figure 3(e)). This process was similar to that in the SW

6 hourly: 2 m air temperature (K), 10 m wind speed (zonal and meridional, m s%), 2 m specific humidity (kg kg), air density (kg m?)
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4.3. Sea ice response to hydrological forcings
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downward shortwave and longwave radiations. 2-m air temperature also has a significant
Shading indicates one standard deviation from REFERENCE.

influence on year-to-year variability of the sea ice volume.
 Total sea ice volume changed substantially in experiments with higher SW (SW (NCEP)) and with lower LW (LW

(NCEP)) radiative forcings compared to those from REFERENCE.

* In summer, LW(ERA), which is the strongest LW forcing, showed relatively rapid melting

compared with other experiments and so reduced the sea ice extent and sea ice volume.

* Although the difference in radiative forcing was larger in SW than in LW, the resultant total sea ice volume difference q : : ”» ..
Moreover, we showed that, in summer, the model is sensitive to shortwave radiation and 2-m

was larger in LW (NCEP). For the LW and SW experiments, the mean and variability of sea ice volume showed large

. temperature forcings. This implies that the summer observation of radiative variables should be
differences.

 For the T2m experiment, only the variability of sea ice volume had a large spread. a high priority to reduce the uncertainty included in reanalyses.

e The NCEP R2 rate was about 1/3 of JRAb55 in April (Figure 1(e)). In response to the difference in precipitation, PRCP
(NCEP) resulted in about +3,500 km3 more mean sea ice volume than REFERENCE (Figure 3 (a)). Lee, S.-B.; Kim, B.-M.; Ukita, J.; Ahn, J.-B. Uncertainties in Arctic Sea Ice Thickness Associated with

Ditferent Atmospheric Reanalysis Datasets Using the CICE5 Model. Atmosphere 2019, 10, 361.
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Reanalysis data are known to have relatively large uncertainties in the polar
region than at lower latitudes. In this study, we used a single sea-ice model (Los
Alamos’ CICES5) and three sets of reanalysis data to quantify the sensitivities of
simulated Arctic sea ice area and volume to perturbed atmospheric forcings. The
simulated sea ice area and thickness thus volume were clearly sensitive to the
selection of atmospheric reanalysis data. Among the forcing variables, changes in
radiative and sensible/latent heat fluxes caused significant amounts of
sensitivities. Dierences in sea-ice concentration and thickness were primarily
caused by dierences in downward shortwave and longwave radiations. 2-m air
temperature also has a significant influence on year—to—year variability of the sea
ice volume. Dierences in precipitation aected the sea ice volume by causing
changes in the insulation eect of snow-cover on sea ice. The diversity of sea ice
extent and thickness responses due to uncertainties in atmospheric variables
highlights the need to carefully evaluate reanalysis data over the Arctic region.
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