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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.

Sources of spread in multi-model projections of the Greenland ice-sheet are analyzed. The results show that both variation of the
initialization methods and the surface mass balance parameterization are key contributors for the divergence. Sensitivity experiment
of the Antarctic ice-sheet under past warm climate conditions is performed to show an importance of climate effect rather than ice-
sheet dynamics. An Ice-sheet/ice-shelf model IcIES has been developed and tested for the Antarctic ice-sheet simulations.

A simple scheme of snowmelt pond was implemented in the land-surface model of MIRPCS5.2. The expected reduction in the
warm bias in summer over land in Eurasia was evident, with a reduction in underestimation of precipitation and cloudiness.

We have investigated the interannual variation in equatorial stratospheric water vapor by analyzing MLS Aura satellite. The
interannual anomalies in water vapor are strongly related to the dynamical quasibiennial oscillation (QBO). The anomalies display
upward propagation below about 10 hPa, but at higher levels show clear downward propagation. We clarified the mechanism of these
variations using MIROC-AGCM and CMIP5 models.

Keywords: Atmosphere-Ocean-Land coupled model, offline biogeochemical model, sea-ice thickness, ice-sheet model, stratospheric

QBO
1. Introduction 2. Development and application of an ice-sheet/ice-
This project is a successor of one of the previous ES-joint shelf model IcIES
projects named “Development of a High-Resolution Coupled SeaRISE is an international ice-sheet model intercomparison

Climate Model for Global Warming Projection Study”. The project which focuses on responses of ice-sheet under future
purpose of this project is to further develop physical models for global warming (Bindschadler et al. 2013 [1]). The result of
global warming simulations, and to investigate mechanisms of SeaRISE/Greenland experiments shows a significant diversion
changes in global environment. among the participants. In order to evaluate the uncertainties
To achieve the purpose, we focus on the development of ice originated from the variation of methods adopted in the ice-sheet
sheet model, permafrost model and sea ice model, improvement models, we introduce some of the methods and parameterization
of subcomponent models for atmosphere, ocean and land- adopted by the other models into an ice-sheet model IcIES to
surface processes in the climate model MIROC, as well as perform sensitivity experiments (Fig. 1). The result shows that
sensitivity studies using climate models relevant to global main sources of the SeaRISE diversion are the initialization
warming and paleo-climate. methods and the surface mass balance paramterizations to
compute the ice melting from the surface temperature scenarios

(Saito et al, submitted to The Cryosphere. [2])

A series of sensitivity experiments of the Antarctic ice
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sheet under the past warm climate about 3 million years ago is
performed. The results of the multiple climate models as well
as idealized climate conditions are introduced to evaluate the
sensitivity to the warm climate, which show significant influence
to the retreat of the Antarctic ice sheet.

Development of an ice-sheet/ice-shelf model has been
continued, and this year we perform its application on realistic
Antarctic ice-sheet. Important features of the velocity fields are
qualitatively simulated (Fig. 2). Future development subjects
(i.e. parallelization algorithms) for practical computation of
long-term simulation such as global warming and paleo-climate

studies are listed.
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Fig. 1 Simulated changes in Greenland ice-sheet volume under
the SeaRISE C1 experiment protocol (Bindschadler et al.
2013), obtained by six different configuration of IcIES. The
vertical gray bars indicate the range of results by the SeaRISE
8 participants. Difference between D' and B' is due to the
initialization method and that between B' and B is to the surface
parameterization, which show dominiant contribution to the

spread of multi-model projections.
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Fig. 2 Simulated surface velocity fields computed by IcIES under the
present-day Antarctic ice sheet topography. Contours are the
surface topography, colors are the velocity magnitude (km/yr).
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3. Evaluation and improvement of the land-surface

scheme

There have been significant warm biases in summer surface
air temperature over land in mid- and high latitudes. That is
partly due to lack of consideration for wetlands formed by
snowmelt water in spring, leading to dry biases of surface soil
moisture. Then, a simple scheme of snowmelt pond (Nitta et al.
2014 [3]) was implemented in MIROCS.2, and the impacts of
that are evaluated. As a result, the warm bias in summer over
land between 60 N and 70N was significantly reduced (left part
of Fig. 3). Similarly, the underestimations of precipitation (right
part of Fig. 3) and cloudiness (not shown) are reduced. At the
same time, other biases in different seasons and different regions

are unchanged.

4. Interannual variations of stratospheric water

vapor

By analyzing the almost decade-long record of water
vapor measurements from the Microwave Limb Sounder
(MLS) instrument on the NASA Aura satellite and by detailed
diagnostic analysis of the results from state-of-the art climate
model simulations, we have confirmed the conceptual picture
of the interannual variation in equatorial stratospheric water
vapor discussed in earlier papers (e.g. Geller et al. 2002 [4]).
The interannual anomalies in water vapor are strongly related
to the dynamical quasibiennial oscillation (QBO) and we
present the first QBO composite of the time-height structure of
the equatorial water vapor anomalies. The anomalies display
upward propagation below about 10 hPa in a manner analogous
to the annual “tape recorder” effect, but at higher levels show
clear downward propagation (Fig. 4a). We then examined these
variations in the MIROC-AGCM and in four models in
the Coupled Model Intercomparison Project 5 (CMIPS) that
simulate realistic QBOs. The models which could simulate
the QBO show similar structures of water vapor anomalies
(Fig. 4b). Diagnostic budget analysis of the MIROC-AGCM
data, as well as comparisons among the CMIP5 model results,
demonstrate (i) the importance of temperature anomalies at
tropopause induced by the QBO for lower stratospheric water
vapor variations, and (ii) that upper stratospheric water vapor
anomalies are largely driven by advection of the mean vertical
gradient of water content by the QBO interannual fluctuations in
the vertical wind (Kawatani et al. 2014 [5]).



Chapter 1 Earth Science

Fig. 3 Biases of MIROCS.2 from ERA interim in July-September. Left panels are surface air temperature, right are precipitation, upper are with
snowmelt pond, and lower are without snowmelt pond.
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Fig. 4 Composite of the QBO in interannual variation of 12°S—12°N average H,O where month zero corresponds to westerly to easterly transition of

the zonal wind at 30 hPa. (a) MLS observation and (b) climate model simulation. The color intervals are 0.05 ppmv.
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