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Abstract

We have been performing several studies in order to understand the mechanism of climate variability in the Arctic and
mid-latitudes. Regarding climate studies, we assess the memory effects of land processes by conducting AGCM experiments
with boundary conditions mimicking the Arctic sea-ice retreat. The contribution of the land memory effect is shown to be
similar in magnitude to the direct effect of sea-ice loss.  This result suggests the land memory has the potential to accelerate
the warming of the Arctic. As for the development of novel numerical models, we compare methods of surface mass balance
estimation of the ice shelf from outputs of AGCM. Also, we performed cloud-resolving experiments by using
isotope-enabled global non-hydrostatic model NICAM. The result suggests that the interaction between the precipitation
organization of the rainfall area and the large-scale isotope ratio of ambient water vapor is well reproduced, which can

contribute to the understanding of atmospheric water circulation processes at high latitudes.

Keywords: Arctic amplification, Land surface process, Ice sheet model coupled GCM, Atmospheric

water circulation

1. Introduction

Our research group has been performing interdisciplinary
climate studies focusing not only on the Arctic but also on
more extensive areas in order to understand a drastic change
in the recent Arctic and its impact. In this article, we will
present three main topics from our research activities on
climate studies and the development of novel numerical
models in this fiscal year.

2. Climate memory effect of Eurasian land process
associated with the Arctic warming

Amplified Arctic warming and its relevance to mid-latitude
cooling in winter have been intensively studied. Observational
evidence has shown strong connections between decreasing
sea ice and cooling over the Siberian/East Asian regions.
However, the robustness of such connections remains a matter
of discussion because modeling studies have shown divergent
and controversial results.

In a published paper [1], we report a set of general
circulation model experiments using an atmospheric general
circulation model AFES4.1 T79L56 with a land process
model MATSIRO. The experiments are specifically designed
to extract memory effects of land processes that can amplify
sea ice—climate impacts (Figure 1).

The results show that sea ice—induced cooling anomalies
over the Eurasian continent are memorized in the snow
amount and soil temperature fields, and they reemerge in the
following winters to enhance negative Arctic Oscillation-like
anomalies. The contribution from this memory effect is
similar in magnitude to the direct effect of sea ice loss. The
results emphasize the essential role of land processes in

Ensemble averaged stote vector of the system

a} Summer Winter b) Summer Winter

P :
x: : :

: : : . A

: : Y\\d“ :

. . o .
o+ fi Total LICE — HICE

LICE o o LICE
o Sea ice: {[LICE" - HIGE] + [LICE - HICEY])/2
Memeory: ([LCE — LICE] + [HICE' - HICE])/2

Figure 1. Ensemble averaged state vectors of the climate
system. Schematic diagram shows equilibrium climate states
with high and low sea ice boundary conditions (HICE and
LICE) and transient states for abrupt change of sea ice
condition, being (a) high to low (LICE") and (b) low to high
(HICET). We assume transient state as direct effect of the sea
ice variations, and thus residual of total effect minus sea ice
effect can be the memory effect that persist previous multi
years.

HICE

HICE
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understanding and evaluating the Arctic—mid-latitude climate
linkage.

3. Development of ISM coupled GCM

In the future global warming projection, uncertainty in sea
level rise depends on the accuracy of Greenland melt
estimation. We are participating the Ice Sheet Model
Intercomparison Project for CMIP6 (ISMIP6) [2] and
developing an Ice Sheet Model coupled GCM (ISM-GCM).
Surface mass balance (SMB) of the ice sheet is calculated
from GCM output and passed to ISM as input, though there is
a discrepancy of horizontal resolution between GCM
(~100km) and ISM (~10km). We developed a conversion
method from GCM resolution to ISM resolution and
examined the SMB estimation by two different methods. One
is Positive Degree-Days (PDD) [3] which is based on
empirical relationship between summer temperature and melt.
The other is a Minimal Advanced Treatment of Surface
Interaction and Run-Off (MATSIRO) [4] which is a land
surface energy balance model employed in GCM land
submodel. We compared SMBs by these two methods by
using ERA-Interim [5] as common input (Figure 2).

4. Development of isotope-enabled global cloud
resolving model

We conducted a global cloud resolving simulation using
isotope-enabled global non-hydrostatic model NICAM
(Nonhydrostatic Icosahedral Atmospheric Model) [6][7], and
evaluated how the isotope ratio of precipitation in the rainfall
area is affected by the rainfall characteristics of the rainfall
area and the large-scale isotope ratio of ambient water vapor.
A global cloud resolving simulation with 3.5 km horizontal
resolution was performed. Using this simulation results, the

4-connected precipitation region was defined as “rainfall area”.

Precipitation isotope ratio in rainfall area (3Dp) is divided into

FRA—I melt (MAT) [m/y] ERA=I mealt (PDD} [m/y]

Figure 2. SMB estimation at a resolution of 10 km by using
MATSIRO (left panel) and PDD method (right panel). Note
that ERA-Interim as input data for both the cases.

contribution from depletion in isotope ratio of lower
tropospheric water vapor around the rainfall region (8Denv)
and contribution of precipitation system itself (8Dra). We
investigate the effect of precipitation characteristics and that
of ratio of area covered by other rainfall areas (coverage ratio)
0on 8Dra and 8Deny, respectively.

As shown in Fig. 3, if the horizontal dimension of rainfall
area is less than 300 km?, 8Dra does not depend much on the
precipitation top height of rainfall area, whereas if the
horizontal dimension is more than 1000 km?, 8Dr. decreases
with the precipitation top height. As shown in Fig. 4, 3Denw
decreases as coverage ratio increases. This result is consistent
with the results of analysis based on observational water
isotope data.

From the above results, precipitation isotope ratio in rainfall
area dDp can be interpreted as follows. While high 8Dy
correspond to small isolated convections, low 8Dy correspond
to large organized convective systems. In addition, it is
pointed out that aggregations of organized convective systems
are necessary for generating very low 6Dp. This shows that the
interaction  between the precipitation  characteristics
(organization) of the rainfall area itself and the large-scale
isotope ratio of ambient water vapor can be reproduced by the
isotope-enabled NICAM, which is expected to contribute to
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Figure 3. Dependency of 8Dr on horizontal dimension of
rainfall area and precipitation top height.
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the understanding of atmospheric water circulation processes
at high latitudes.
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