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Assessment of Climate Change in association with the
variation of Arctic Cloud
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SUMMARY

(4 B 2 o B

[. Title

Assessment of Climate Change in association with the variation
of Arctic Cloud

II. Purpose and Necessity of R&D

Arctic climate system has a large influence on the climate over
the East Asia and Korea Peninsula, and recent studies showed that
Arctic cloud is an important component of Arctic climate system.
However, it ‘is not well known that through which physical
mechanism, Arctic cloud influences Arctic climate. The goal of this
research is to understand the -association between the Arctic cloud
and Arctic climate system by using the General Circulation Model.

[I. Contents and Extent of R&D

We performed various parameter sensitivity simulations with the
parameters controlling the variations of Arctic cloud by using the
CESM1 (Community Earth System Model version 1) / CAMb
(Community Atmosphere Model version 5) developed at the
National Center for Atmospheric Research, USA. By comparing
model simulations results with the observations, we identified the
key processes responsible for the association between the Arctic
cloud and Arctic climate system.

IV. R&D Results

From a series of parameter sensitivity simulations within various
physics parameterization suites (e.g., cloud macrophysics, cloud



microphysics, and convection schemes), we found that detrained
cumulus generated from the convective updrafts have a large
influence on the Arctic climate system. Additional diagnosis of
detrained cumulus fraction substantially improved the simulations of
low-level cloud, outgoing longwave radiation at the top of the
atmosphere and near surface temperature over the Arctic. We also
identified that 1mproved simulations of Arctic cloud with the
detrained cumulus improved the simulations of Arctic warming and
the cold surge from the Arctic into the mid-latitude -climate
system.

V. Application Plans of R&D Results

The fact that detrained cumulus has a large influence on the
climate over the Arctic is a new finding that has not been reported
in the previous studies. Our results have two implications for future
research. First, it is necessary to conduct detailed observational
studies on the detrained cumulus in association with the synoptic
weather system .over the Arctic, which is necessary to further
refine the parameterization of detrained cumulus. Second, a climate
model with appropriate treatment of detrained cumulus can be used
to predict the East Asia climate system in association with the
Arctic climate system.
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Fig. 1 The annual cycles of (a) total cloud fraction, and (b) the height where the ratio
of ice condensate among total condensate is 90% (the phase ratio, PR90, solid) and
30% (PR30, dotted) averaged over the Arctic region (north of 65°N) from CAMS
(blue), UNICON (red) and the CALIPSO-GOCCP observation (black).
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Fig. 2. The annual-mean vertical profiles of grid mean (a) cloud condensate mass (cloud
liquid + cloud ice), (b) cloud liquid mass, (c¢) cloud ice mass, and (d) convective
updraft mass flux averaged over the Arctic region from CAMS5 (solid) and UNICON
(dashed).
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Fig. 3. Annual-mean vertical profiles of grid-mean tendencies of (a) cloud liquid and (b)
cloud ice masses averaged over the Arctic region from various physics schemes — PBL
scheme (green, vertical diffusion),
(black),
condensation) and cloud microphysics
UNICON (solid).
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a) CLDTOT.(CAM5-0BS).DJF d) CLDTOT.(UNICON—OBS).DJF

Fig. 4. The biases of (upper) low-level cloud fraction (CLDLOW) against the
CALIPSO-GOCCP observation, (middle) upward LW radiative flux at TOA (FLUT)
against the CERES-EBAF observation, and (lower) near surface air temperature at 2

meter height (T2m) against the ERA-interim reanalysis product from January 1979 to
February 2015 (Dee et al. 2011) during December-January-February (DJF). The left
panels are from CAMS5 simulation and the right panels are from UNICON simulation.
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a) CLDTOT.(CAM5-0BS).JJA d) CLDTOT.(UNICON—OBS).JJA

Fig. 5. Same as Fig.4 except for short wave cloud forcing (SWCF) in middle panels
and during June-July-August (JJA).
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Tref and Z300 MO

(a) erainterim Tref diff (b) erainterim 2500 diff

7

Fig. 6. The average of (left) near surface air temperature (Tref) and (right) 500 hPa
geopotential height (Z500) of (upper) the ERA-interim reanalysis, (middel) UNICON,
and (lower) CAMS simulation during November-December (ND).
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CMFMC and CMFDT ND

(o) CAM5 CMFMCS500 diff

O]

(e) CAM5 T, CMFMC
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Fig. 8. The average of (left) convective mass flus (CMFMC) and (right) temperature
tendency by CMFMC (CMFDT) of (upper) UNICON, (middel) CAMS at 500 hPa. The
vertical structure of area (trapezoid region in Fig. 8a) average of temperature (black),
CMFMC (red), and CMFDT (green) for (left bottom) CAMS and (right bottom)
UNICON simulation.
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