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The purpose of this project is to further develop physical models for global warming simulations, and to investigate mechanisms
of changes in global environment as a successor of a previous ES joint project. We have obtained the following results this year.

The weakening amplitude of the quasi-biennial oscillation (QBO) in the lower stratosphere was discovered by long-tern
radiosonde observation and several climate model simulations. The results provide strong support for the existence of a long-term
trend of enhanced upwelling near the tropical tropopause.

We analyzed the result of the Last Millennium experiment using MIROC-ESM and MIROC. The winter air temperature trend
over the circum-arctic region shows unsynchronous variation over the arctic. A grounding-line flux parameterization was introduced
to the parallel version of IcIES in order to better simulate transient behavior of grounding line migration and its performance was
checked under some ideal configuration.

The advanced sub-grid snow fraction scheme (SSNOWD) was implemented in MIROCS5.2. The expected reduction in the low
bias of snow fraction was confirmed, but the cold biases in spring were enhanced in some regions. Further adjustment is needed for
prolonged snow cover, besides inclusion of the improved soil physical properties.

Madden-Julian Oscillation represented by the Chikira-Sugiyama cumulus scheme was compared with observation and reanalysis.
Furthermore, a new method to understand moisture variation associated with MJO was proposed. It was revealed for the first time

that a vertical heating profile which maximizes moistening is selected.
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1. Introduction 2. The weakening amplitude of the QBO by
This project is a successor of one of the previous ES-joint increased tropical upwelling
projects named “Development of a High-Resolution Coupled In the lowermost stratosphere, the vertical structure of

Climate Model for Global Warming Projection Study”. The the quasi-biennial oscillation (QBO) is linked to the mean
purpose of this project is to further develop physical models for upwelling. We analyzed 60 years of observational data, and
global warming simulations, and to investigate mechanisms of  discovered that the strength of the equatorial Quasi-Biennial
changes in global environment. Oscillation (QBO) has been weakening over the past several
To achieve the purpose, we focus on the development of ice decades. Figure 1 shows time variation in the amplitude of
sheet model, permafrost model and sea ice model, improvement observed and modelled QBO and in modelled annual mean
of subcomponent models for atmosphere, ocean and land- tropical upwelling at 70 hPa. The QBO amplitudes are found
surface processes in the climate model MIROC, as well as to be dropped by about 30% over 60-years. This trend is also
sensitivity studies using climate models relevant to global apparent in the global warming simulations of the CMIPS5
warming and paleo-climate. models that realistically simulate the QBO and consistent our
previous studies by MIROC-AGCM [1, 2]. The weakening is

most reasonably explained as resulting from a trend of increased
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mean tropical upwelling in the lower stratosphere. The discovery
of a significant trend in the lower stratosphere QBO amplitude
provides strong support for the existence of a long-term trend of

enhanced upwelling near the tropical tropopause [3].

3. Improvement and development of an ice-sheet/
ice-shelf model IcIES

We analyzed the result of one of the experiments, the Last
Millennium (LM) using MIROC-ESM (Sueyoshi et al. 2013)
and MIROC, to verify the response of the cryosphere to the
century-scale climate change. As preliminary results, winter
warming during 20th century over the Eastern Siberia is clear.
Signatures are shown in rise of temperature in February,
decrease in snow amount, and increase in runoff during spring.

We have also analyzed the winter air temperature trend over the

QBO amplitude

circum-Arctic region, which shows unsynchronous variation
over the Arctic. Variability is large in North Europe and Alaska,
small in Siberia and Greenland. It also shows an anti-phase
response to the volcanic forcing between Alaska and North
Europe.

Simulating position of grounding-line is a key issue
for ice-sheet modeling especially for Antarctic ice sheet.
Following Schoof (2007 [4]), we introduced a grounding-line
flux parameterization into the parallel version of IcIES. We
performed a series of experiment presented in Marine ice-sheet
model intercomparison project (MISMIP, Pattyn et al 2012
[5]) using the new version of IcIES and check the efficiency of
the parameterization method (Fig. 2). Under this configuration
(linear down-slope bedrock toward the ocean), the grounding

line positions are expected be reversible along the changes

tropical upwelling
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Fig. 2 An idealized ice-sheet/shelf/grounding line simulation following MISMIP (Pattyn et al. 2012). Left panels are results using the old model (before

implementation of the Schoof parameterization scheme) and right are those using the new model. There are nine configuration for ice rate-

factor (inverse of viscosity), from 1 to 9 which are expected to have reversible grounding positions when advance case (1 to 9) and retreat case (9

to 1). Grouding line retreat cannot be simulated using the old version.
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in the environment. Upper panels are simulated ice-sheet
topography along some environment change (number from 1
to 9) and the boxes are corresponding grounding line positions.
Lower panels are simulated ice-sheet topography starting
from the environment 9 to 1 and their grounding positions.
Without the grounding line parameterization, the reversibility
cannot be achieved, while it is successfully simulated with the
parameterization. Although we implement this method using
MPI parallel method, we only examine on serial case. Parallel

efficiency of the new implementation is being examined.

4. Evaluation and improvement of the land-surface

scheme
The advanced sub-grid snow fraction scheme (SSNOWD)),

which has been validated in MIROCS, was implemented in
MIROCS.2. The expected improvement in snow fraction was
confirmed, which has been underestimated in early winter in
the regions with small snow amount. That led to reduction in
the warm biases in mid-latitudes in early winter, but led to

enhancement in the cold biases in some regions in spring. That
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could be related to the prolonged snow cover, which should
be adjusted in the next step. The improved schemes for the
soil thermal property including the organic layer have been
tested in MIROC3.2, and are in preparation to be implemented
in MIROCS5.2. The dependence of soil surface albedo to soil

moisture was coded, and realistic parameters were examined.

5. Understanding moisture variation in MJO
represented by MIROCS with the use of the
Chikira cumulus scheme
Madden-Julian Oscillation (MJO) is a major variation of the

atmospheric system in the tropics. However, the understanding

of its mechanism has been remaining to be a challenging issue
for decades. This fiscal year, a thorough analysis of the MJO
represented by MIROCS with the use of the Chikira-Sugiyama
cumulus scheme was made digging into the mechanism of

MJO (Chikira 2014 [6]) as well as a detailed comparison with

observations and a reanalysis dataset (Chikira and Sugiyama

2013 [7]).

In particular, the work of this fiscal year includes a
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Fig. 3 Snow cover (upper) and surface air temperature (lower) in Oct.-Dec. with (left) and without (right) SSNOWD by MIROCS.2.
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Fig. 4 Contribution of each factor to the amplification of the moisture over the convective area of the model MJO. Ordinate is pressure (hPa). Unit of

abscissa is g kgday™.

quantitative evaluation of physical factors which contribute to

amplification of moisture (Fig. 4). The analysis showed that

a primary factor for the amplification in the middle and lower

troposphere is radiative warming anomaly. Besides, it was

pointed out for the first time that the snow melting and the

reevaporation of the precipitation suppress the moistening, and

a cumulus heating profile which maximizes the moistening is

selected
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