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Study on Arctic Cloud Microphysical
Properties using Remote Sensing Data
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SUMMARY

I. Title
Study on Arctic Cloud Microphysical Properties using Remote Sensing Data
Il. Purpose and Necessity of R&D

Various observations and modeling results indicate that the Arctic clouds affect
the sea ice and surface ice as they change the radiant energy balance reaching the
Earth’s surface. Since the change in the radiant energy balance caused by the
cloud is determined by the characteristics of the cloud, it is necessary to identify
the exact cloud characteristics. On the other hand, Arctic clouds simulated by
climate models are less accurate than other meteorological factors, which is known
to be due to the lack of observational data available for climate models. Therefore,
it is necessary to understand the geometric and microphysical characteristics of the
Arctic clouds through observation in order to understand the exact climate effect
of the Arctic clouds. The purpose of this study is to analyze the cloud
characteristics of Ny-Alesund observatory using the ground-based observations, and
to identify the variation of the entire Arctic cloud through the satellite data. In
addition, we aimed to establish a database of cloud characteristics calculated from
terrestrial and satellite observation and compare it with the cloud simulation

results of modeling and reanalysis data.
lll. Contents and Extent of R&D

To achieve the above objectives, we investigate (1) the geometric (altitude,
thickness etc.) and microphysical (phase of particles, content etc.) characteristics of
the cloud by analyzing the ground remote data over Ny-Alesund observatory. We
also looked at (2) the changes in the altitude and seasonal variations of cloud
characteristics over Arctic. In addition, (3) we identified the cloud characteristics
from the research vessel Araon and the international observatory program. (4)

Analysis on spatial distribution characteristics of clouds were conducted using



remote observations of clouds calculated from satellites over Arctic region. Finally,
(5) a database of cloud observation results was established to serve as the basis

for verification on cloud microphysics scheme in regional model.

IV. R&D Results

As a result of analyzing the ground-observation of Ny-Alesund observatory,
single-layer and multi-layer clouds were observed at 40% frequency and the phase
of clouds was found in order of ice (49.0%), mixed-phase (41.6%), and liquid
(15.0%). Low-cloud (under 2km) was observed at Ny-Alesund station in winter
was mainly due to the development of icelandic low, which was confirmed by the
influence of southwest wind or south wind from the North Atlantic.

Analysis of the Arctic cloud distribution through CALIPSO, CloudSat, and MODIS
showed similar spatial distribution. CloudSat showed cloud amount of about 0.2-0.3
lower than CALIPSO regardless of sea ice concentration, whereas MODIS yielded a
higher cloud amount at low sea ice concentration compared to CALIPSO but as sea
ice concentration increases low amount of cloud was observed. CloudSat
observation shows that Arctic clouds produced high ice water content (IWC) and
liquid water content (LWC) around 1km above the ground when the atmosphere is
unstable in September and October. The optical thickness of the cloud from
CALIPSO, however, was not high in September and October, which is attributed to
the laser attenuation.

Simulation of clouds using a number of microphysical schemes of the WRF
model optimized for the polar (PWRF), IWC was all underestimated compared to
the ground observation in the Ny-Alesund observatory. Although, LWCs showed
difference results depending on the scheme. PWRF over-estimated cloud amounts
in Arctic region especially low clouds in winter compared to the satellite

observations, but both IWC and LWC were largely underestimated.

V. Application Plans of R&D Results

It is expected that the cloud’s characteristic values calculated from the ground

and satellite observation data of this study can be used to improve the cloud



hydration process in model cloud parameterization. This will improve the
predictability of cloud fluctuations due to Arctic warming in the future.

In addition, the current climatic model utilizing the cloud simulation process of
cloud simulation is expected to improve the accuracy of cloud simulation if the
cloud characteristics calculated from this study are used in cloud simulation (e.g,
data assimilation). This will ultimately provide a more accurate picture of the

impact of clouds on Arctic climate and mid-latitude winter.
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