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Abstract

The 3-dimensional finite difference thermodynamic coupled model on Antarctic ice sheet, GLIMMER model, is described. An ide-
alized ice sheet numerical test was conducted under the EISMINT-1 benchmark, and the characteristic curves of ice sheets under steady
state were obtained. Based on this, this model was simplified from a 3-dimensional one to 2-dimensional one. Improvement of the dif-
ference method and coordinate system was proposed. Evolution of the 2-dimensional ice flow was simulated under coupled temperature
field conditions. The results showed that the characteristic curves deriving from the conservation of the mass, momentum and energy
agree with the results of ice sheet profile simulated with GLIMMER model and with the theoretical results. The application prospect
of the simplified 2-dimensional ice flow model to simulate the relation of age-depth-accumulation in Dome A region was discussed.
� 2007 National Natural Science Foundation of China and Chinese Academy of Sciences. Published by Elsevier Limited and Science in

China Press. All rights reserved.
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1. Introduction

The Antarctic ice sheet contains 90% of global ice vol-
ume throughout the world. It is sufficient to raise sea level
over 65 m. Therefore, even if there is a slight fractional
change of its volume, significant effect will be brought to
the global environment. It is estimated that annual solid
precipitation exchanged between Antarctic ice sheet and
ocean is equivalent to 6 mm of change of sea level [1]. This
input is approximately equivalent to the thawed volume of
ice shelf floating on the sea. In fact, the current behavior of
Antarctic ice sheet may be the inevitable result of the past
climate history. In particular, these changes are closely con-
nected with the last interglacial cycle. It is not hard to see
that the future trend of Antarctic ice sheet is deeply associ-

ated with the current climate change when being affected by
the past climate. Therefore, to evaluate the future change
of Antarctic ice sheet practically and to distinguish the
long-term evolution background of ice sheet from the
human activities causing the climate change seem extremely
important. To disclose various physical processes of ice
sheet with numerical simulation model has already become
an important method of studying the evolution history and
future change of ice sheet. The advantage of numerical sim-
ulation method is that it can overcome the restrictions of
observation in respect of time and space and generate var-
ious thermodynamic information of the whole ice sheet,
showing the physical processes of interior and bottom of
ice sheet that cannot be obtained directly by observation
and disclosing the historical evolution state of ice sheet.
In fact, numerical simulation models may be the only fea-
sible tools to explain and forecast future change of ice sheet
[2–4].
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In the past two decades, many mathematical models
simulating ice sheet behavior were developed, for instance,
Nye–Dansgaard–Johnsen Model [5–7], the 1-dimensional
flowline model, was used to estimate the evolution of ice
sheet in age; the vertically integrated plane model with cou-
pled isostasy and simple ice shelf structure developed by
Oerlemans [8,9] and Budd and Smith [10]. The large-scale
modeling of the Antarctic ice sheet was first brought up
by Budd in 1971, this model is based on the assumption
that ice sheet is in steady state and ice flow is always along
low terrain [11]. In order to learn the feedback mechanism
of Antarctic ice sheet on climate, considering the 3-dimen-
sional ice sheet thermodynamic model coupling ice temper-
ature field is an efficient path, the models with significant
effect in this respect include the ice sheet model developed
by Huybrechts and Oerlemans [3]. This model has become
comparatively mature now after developed by others [12–
14]. With this model, some specific simulation results have
been obtained. It is found through simulation that the most
important factor controlling the rise of sea level is western
Antarctic ice sheets. Once the Western Antarctic ice sheets
were all thawed, sea level would rise by 7 m, while melting
of the whole Antarctic ice sheets may make the sea level
rise by 73 m [4,12,15–19]. Under the framework of EIS-
MINT, Huyberchts model was revised twice in 1999 and
2002. Now it has already been an integral part of the Ant-
arctic ice sheet 3-dimensional thermodynamic standard
coupled model GLIMMER [15,20,21].

GLIMMER model is an increasingly perfect standard
model of Antarctic ice sheet. It originally results from Tony
Payne’s work in the research of GENIE project [22–25].
Our study makes an idealized test through GLIMMER,
the 3-dimensional finite difference ice sheet model, to learn
the ice flow thermodynamic characteristics of ice sheets and
simplifies this complicated nonlinear coupled model into a
2-dimensional ice flow model. We aimed at finding a math-
ematical model that can simulate various thermodynamic
characteristic curves of East Antarctic Dome A region
and testing the feasibility of this model in simulating
‘‘depth-age-accumulation’’ of Dome A.

2. GLIMMER model and EISMINT-1 test

GLIMMER ice sheet model actually is a set of libraries
used to simulate ice sheet evolution. It can be run indepen-
dently or as a sub-module of Earth System Model (ESM).
The purpose of developing this model is to generate a stan-
dard ice sheet model available for other earth system mod-
els. By 2006, this model had already passed the formal
testing conducted by Hagdorn’s team under EISMINT-1
and EISMINT-2 benchmark [26].

2.1. Principle of GLIMMER model

The GLIMMER model adopts the shallow ice approxi-
mation. According to this approximation, the gradient of
the bedrock and ice surface is considered to be very small

and the normal stress can be ignored. The approximation
of horizontal shear stress (sxz,syz) is: sxz ¼ �qgðs� zÞ os

ox ;

syz ¼ �qgðs� zÞ os
oy, the relation between ice viscosity and

viscous force is determined with the law of nonlinear ice

flow law: _eiz ¼ 1
2

oui
oz þ

ouz
oi

� �
¼ AðT Þjsjn�1siz; i ¼ x; y, where _eiz

is strain rate, s is the second-order invariant of shear stress
tensor, and n is the constant of law of ice flow. The coeffi-
cient A(T) of law of ice flow meets the Arrhenius relation:

AðT Þ ¼ fA0 exp �Q
RT

� �
, where f is the reinforced factor of

Arrhenius relation, an adjustment parameter reflecting
the anisotropy of impurities in ice fabrics and ice particles
in ice flow; A0 is a constant independent of temperature; R

is the universal gas constant; Q is the activation energy of
deformation. The equation system of continuity reflecting
the conservation of mass and energy of ice sheet can be
obtained therefrom.

With Jenssen’s transformation [6,27], the vertical frame-
work is converted to r coordinate. Under (x,y,r) coordi-
nate system, the ice thickness evolution equation
depicting mass conservation of ice sheet is obtained:

oh
ot
¼ �divðD � gradðsÞÞ þM

where D ¼ h
R 1

0
cðrÞdr is the diffusion coefficient, in which

cðrÞ ¼ �2ðqgÞnhnþ1jgradðsÞjn�1 R r
1

Arndr, h is the ice thick-
ness, s = s(x,y, t) is the surface elevation, M is the surface
mass balance, and div is the divergence operator.

The thermodynamic equation of ice temperature can be
derived from conservation of energy:

oT
ot
¼ k

qCph2

o2T
or2
� < u; gradðT Þ > þ 1

h
oT
or
ðw� wgridÞ

þ rg
Cp

<
ou
or
; gradðsÞ >

where T is the absolute temperature, u is the horizontal
velocity field, w is the vertical velocity, wgrid is the vertical
velocity at the grid point, q is the ice density, Cp is the heat
capacity of ice, Æ æ the Euclidean inner product, and grad is
the gradient operator on (x,y) plane. Therefore, at ice sheet
bottom r = 1 and at ice sheet surface r = 0. Obviously, sin-
gularity will show up at the edge of ice sheet (h = 0) in the
thermodynamic equation.

GLIMMER model adopts (x,y,r) coordinate system
and solves the equation system for ice sheets with finite dif-
ference methods. In practical computation, the evolution
equation of ice thickness adopts Crank–Nicolson semi-
implicit difference scheme, the diffusion coefficient D

adopts nonlinear Picard iteration; the gradients in the
equation of ice temperature distribution are approximated
with its central difference after expansion through Taylor
series. The model has two sets of staggered grids in hori-
zontal direction. Temperature, thickness and vertical veloc-
ity are calculated on integer grids. Horizontal ice velocity
and gradients are calculated on checkered half-integer
grids. The number of grids in horizontal and vertical
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directions can be set according to actual demand, and the
selection of vertical grid spacing under r coordinate system
is irregular (see [27]).

2.2. Test of GLIMMER model under EISMINT-1

benchmark

EISMINT-1 is a simple test suite benchmark designated
by European Ice Sheet Modeling Initiative (EISMINT)
that all ice sheet models have to pass. One of its key
assumptions is that the law of ice flow is independent of
temperature field, namely in Arrhenius relation, the factor
A = constant A0. This benchmark includes two boundary
conditions: fixed boundary and moving boundary. In order
to simplify the GLIMMER ice sheet model, EISMINT-1
fixed boundary condition was adopted to simulate 2-
dimensional ice flow state directly.

Surface temperature forcing: Tsur = 239 + 8 · 10�8d3,
where d = max{jx � xsummitj,jy � ysummitj} is the maxi-

mum horizontal distance from ice sheet surface to its
center.

Annual accumulation rate of surface mass: M = 0.3
m/yr.

Periodic time-dependent forcing: DT ¼ 10 sin 2pt
T ;

DM ¼ 0:2 sin 2pt
T , where T = 40000 years, that is a Milan-

kovitch period. The selection of this period is to survey
the evolution of idealized ice sheet in Medio-Pleistocene
of Quaternary.

Boundary condition: ice temperature at upper boundary
was set as surface temperature; ice at lower boundary was
heated through geothermal flux and sliding friction,
namely: oT

or

��
r¼1
¼ � Gh

k �
Hsbuð1Þ

k , where sb = �qgh Æ grad(s) is
the bottom shear stress, u(1) is the bottom ice velocity.
At the bottom, if the melting point of ice T0 is reached
(namely T P T0), the ice temperature shall be a constant
T* = T0; the excess heat is converted into melting rate
S ¼ k

qL
oT �

oz � oT
oz

� �
, where L is the latent heat at melt ratio.

According to the Ref. [15], we selected an idealized ice
sheet setting the initial condition at zero ice thickness,
and the integral domain at flat-bottom square ice bed at
zero elevation with a size of 1500 km · 1500 km, where
(xsummit,ysummit) = (750 km, 750 km), square region is
31 · 31, step length is 50 km as the horizontal grids. There
are 11 vertical layers; the integrating time is 200,000 years
and the step 10 years; the boundary condition is Dirichlet,
namely at boundary (i, j) the ice thickness H(x,y, t) = 0,
where i = 1,31 or j = 1,31.

2.2.1. Test results and analysis

Under the above EISMINT-1 condition, when the ice
sheet evolved to a steady state, the distribution of ice thick-
ness showed a symmetrical distribution of axis and center,
and the ice thickness does not decrease from boundary to
center (Fig. 1(a)). Based on symmetry, the distribution of
ice thickness can be reflected via a profile passing through
the center of ice sheet; seen from the profile of ice sheet
taken, under steady state, the thickness at uppermost of

ice sheet is stable around 3394 m, and gradient of ice thick-
ness steps down from boundary to center. According to
central symmetry and considering the spatial distribution
that depends on ice sheet state variable, only a part from
ice sheet profile boundary to center was needed. Therefore,
five reference points on the profile connecting grid (1,16) to
grid (16,16) were selected: grid (4, 16), grid (7,16), grid
(10,16), grid (13,16) and grid (16,16) (Fig. 1(b)).

By the test results, the behavior on the profile of ice
sheet ice flow conforms to our basic knowledge on ice sheet
evolution: within a comparable range, the temperature
approximately decreases from boundary to center at same
height of ice sheet (with ice bottom as zero). Only when the
depth reaches about 1000 m, the variation of temperature
at all places is small, and for any fixed points, the ice tem-
perature steps down first and then up with increase of
depth (Fig. 2(a)). In vertical direction, the ice flow velocity
steps up with increase of height, therefore the vertical flow
velocity on ice sheet surface is the highest (as grid (4, 16) in
Fig. 2(b)). From the test we assumed that the ice sheet bot-
tom velocity was zero, and from the calculation results, we
knew that the average vertical ice flow rate and the gradient
at the same height were lowered gradually on the profile

Fig. 1. Ice thickness distribution of EISMINT-1 fixed boundary test
(50 km per grid). (a) Distribution of ice thickness in steady state ice sheet;
(b) distribution of ice thickness of ice flow profile parallel to x-axis
through ice sheet center.
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from boundary to center. In addition, at uppermost of ice
sheet, the vertical velocity was very small (less than 0.3
m/yr). Therefore, based on Dansgaard–Johnsen ice flow
model [6,28], simulating the time scale at ice sheet dome
was greatly simplified and reliable (Fig. 2(b)).

The test results also showed that the ice sheet began to
be stable after the model integrated 40000 years, which is
a time forcing period of EISMINT-1; meanwhile the far-
ther to the ice sheet center, the lower the surface tempera-
ture was, and for a fixed place, the surface temperature had
a process of falling first and then rising (Fig. 3(a)). The
change of horizontal velocity with height was similar to
that of vertical velocity, namely increasing with the
increase of height, until to its highest at maximum height
(namely surface of ice sheet). A same height, from bound-
ary to center of ice sheet, the horizontal velocity stepped
down; while at the center (namely at grid (16,16)), the hor-
izontal velocity from ice sheet bottom to the surface was
close to zero (Fig. 3(b)). These findings allowed us to sim-
ulate the relation of age and depth at Dome A region with
Dansgaard–Johnsen ice flow model. In fact, by Dansg-
aard–Johnsen model, the horizontal flow velocity at the
simulated domain had to approach zero and the vertical
ice velocity was also required to be lower. Here our test

showed that any theoretical dome meets all these condi-
tions, while Dome A is a typical dome [29].

3. Simplification of GLIMMER model to the 2-dimensional
ice flow model

In the simulation of the ‘‘age-depth-accumulation’’ rela-
tion in Dome A region, the input parameters including
maximum depth and estimate of velocity field at the dome
were used, while the current survey on this region could not
provide sufficient information. Therefore, it was necessary
to give its approximation with numerical simulation
method. In order to get estimate of surface velocity, we
gave some relevant assumptions for EISMINT-1 bench-
mark under GLIMMER model and simplified it into an
ice flow model simulating 2-dimensional ice flow state.
After coupling temperature field, the thickness, velocity
and temperature distributions of a dome profile were sim-
ulated under some idealized conditions. Though the simpli-
fied equation system became simpler than the GLIMMER
model, the model still contained all reasonable structures
that an ice flow thermodynamic model of ice sheet should

Fig. 2. Vertical distribution of temperature and ice velocity of EISMINT-
1 fixed boundary test. (a) Vertical distribution of temperature under steady
state; (b) vertical velocity distribution of ice flow. Fig. 3. Vertical distribution of surface temperature and horizontal

velocity under EISMINT-1 fixed boundary condition. (a) Variation of
temperature with time on ice sheet surface; (b) variation of horizontal
velocity of ice sheet profile with height (here U ¼

ffiffiffiffiffiffiffiffiffiffiffi
hu; ui

p
Þ.
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satisfy [30,31]. Therefore, to optimize the parameterized
scheme and improve the model should be able to simulate
the ‘‘age-depth- accumulation’’ relation of Dome A.

3.1. GLIMMER model is simplified to a 2-dimensional ice

flow model

According to some physical assumptions from Van der
Veen [2], Paterson [6] and EISMINT-1 [15], a 2-dimen-
sional ice flow thermodynamic coupled model was devel-
oped with physical constants listed in Table 1. It was
assumed that: flow is only in horizontal direction (x-direc-
tion) and vertical direction (z-direction); ice flow mainly
comes from horizontal shear stress and a relation connect-
ing stress and strain rate, namely nonlinear Glen flow law;
change of ice temperature comes from heat conduction in
vertical direction, heat advection in vertical and horizontal
directions and heat dissipation of ice flow; ice is considered
as incompressible; parameters and coefficients in Glen flow
law are given via Arrhenius relation, i.e., taking it as a
function on temperature; ice thickness is set at zero at
two ends of a defined interval, which is equivalent to the
issue of fixed boundary; bottom is assumed to be flat, non-
deformative and zero-elevated; at the bottom, the vertical
melt is ignored, and therefore the vertical velocity of bot-
tom ice body can be assumed to be zero; the accumulation
rate of surface snow is assumed to be zero (ice equivalent);
sliding is ignored at ice bottom; the surface temperature of
ice is in linear relation with the cube of center distance of its
position; and the bottom temperature boundary condition
is determined by geothermal flux. By these assumptions,
GLIMMER model is simplified into a 2-dimensional
model coupling temperature field, and its boundary condi-
tions and standardized data set of ice sheet and climate are
in accordance with EISMINT-1; the difference is that tem-
perature field is coupled in extra and some algorithms dif-
ferent from GLIMMER model are adopted.

Let H(x, t), T(x,z, t), u(x,z, t) and w(x,z, t) be distribu-
tion functions of depth, temperature, horizontal velocity
and vertical velocity of ice sheet profile, respectively.

x 2 [ � L,L] is the defined interval of ice sheet profile in
horizontal direction. z > 0, t P 0, they are vertical coordi-
nate and time coordinate, respectively, let uðx; z; tÞ ¼
2f ðqgÞnAðT Þ oH

ox

�� ��n�1ðHðx; tÞ � zÞn,

Dðx; tÞ ¼
R Hðx;tÞ

0 uðx; n; tÞðhðx; tÞ � nÞdn.

Then the following ice sheet equation system can be
obtained by the assumptions:

Ice thickness evolution equation :
oH
ot

¼ M þ o

ox
D

oH
ox
� ubH

� �
; ð1Þ

Horizontal ice velocity : u

¼ � oH
ox
ðx; tÞ

Z z

0

uðx; n; tÞdnþ ubðx; tÞ; ð2Þ

Vertical velocity : wðx; z; tÞ

¼ o

ox
oH
ot
ðx; tÞ

Z z

0

uðx; z; tÞðz� nÞdn

� �

� z
oub

ox
ðx; tÞ þ wbðx; tÞ; ð3Þ

Temperature evolution equation :
oT
ot
þ u

oT
ox
þ w

oT
oz

¼ k
qCp

o
2T

oz2
þ gðh� zÞ

Cp

oH
ox

ou
oz

����

����; ð4Þ

Incompressible :
ou
ox
þ ow

oz
¼ 0; ð5Þ

Arrhenius relation : A ¼ fA0 exp
�Q
RT
þ 3c
ðT r � T Þj

� �
; ð6Þ

Zero elevation at bottom : Hð�L; tÞ¼HðL; tÞ¼ 0;L¼ 750 km;

ð7Þ
Vertical velocity of bottom : wb ¼ wðx; 0; tÞ ¼ 0; ð8Þ
Surface accumulation : M ¼ 0:3 m=yr; ð9Þ
Horizontal velocity of bottom : ub ¼ uðx; 0; tÞ ¼ 0; ð10Þ
Surface temperature of ice sheet : T ðx; h; tÞ

¼ 239þ ð8� 10�8Þjxj3: ð11Þ

Boundary condition of bottom temperature: If T ðx; 0; tÞ 6
eT ðx; 0; tÞ, then oT

oz ðx; 0; tÞ ¼ � G
k . In other cases, T ðx; 0; tÞ ¼

eT ðx; 0; tÞ;

where eT ðx; z; tÞ ¼ T r � bðh� zÞ representing melting

point of ice at depth of z: ð12Þ

3.2. Difference scheme and algorithm of the 2-dimensional ice

flow model

In the equation system (1)–(12), the critical ones are the
ice thickness evolution Eq. (1) and the ice temperature evo-
lution Eq. (4). For Eq. (1), numerical calculation refers to
the Crank–Nicolson finite difference mode [27] of GLIM-
MER model, with iteration via semi-implicit difference

Table 1
Physical constants in the model

Physical value Physical quantity

q = 910 kg/m3 Ice density
g = 9.81 m/s2 Gravity acceleration
R = 8.321 J/molK Gas constant
A0 = 2.948 · 10�9/Pa3s Glen law constant
Tr = 273.39 K Tristate critical value of water
Cp = 2009 J/kgK2 Water heat capacity
Q = 7.88 · 104 J/mol Creep activation energy
b = 8.7 · 10�4 K/m Variable rate of melting point with depth
G = 0.042 J/m2s Geothermal flux
j = 1.17 Constant in Arrhenius relation
k = 2.10 J/mKs Thermal conductivity of ice
c = 0.16612 Kj Arrhenius constant

Data come from Refs. [6] and [15].
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and the diffusion coefficient approximated by central differ-
ence. For Eq. (4), in GLIMMER model, singularity
appears at the boundary of ice sheet and this problem
can be avoided by directly adopting rectangular coordinate
system (x,y,z). For discretization in vertical direction, the
grids are not necessary to be with same step size proposed
by Paterson [6], and Payne and Dongelmans’s [32] is
adopted. The boundary conditions are directly discretized
with Taylor Series.

3.3. Test results and analysis

The initial conditions of ice flow were determined via the
equation proposed by Vialov and Weertman [6]. It is

hðxÞ ¼ 23=8 5M
2ðqgÞ3A0

� �1=8

L
4
3 � x

4
3

� �3
8

(Fig. 4(a), real line). The

ice sheet profile after evolution of 25000 years is shown
as broken line in Fig. 4(a). At the dome, the thickness is
higher than theoretical value, reaching about 3600 m, but
as for the whole profile, the gradient of ice thickness is
increasing. In addition, because the theoretical curve of
ice sheet is under steady state, the overall deviation
between the theoretical curve and the simulated one is
not big (Fig. 4(a)).

Three positions (A: x = 0, B: x = 0.5L, C: x = 0.9L)
were selected to analyze the vertical temperature of ice
sheet profile at different places (Fig. 4(a)). The simulation
showed that the vertical distribution of temperature
around the central zone of ice sheet stepped up with
increase of depth while in other positions the temperature
increased first and then decreased with increase of depth
(Fig. 5). This is the same as the simulation results of
GLIMMER model under EISMINT-1 (Fig. 2(a)). The spa-
tial distribution of temperature on the whole ice sheet pro-
file (Fig. 4(b)) shows that around the dome, the
characteristic of surface temperature distribution is rela-
tively simple. At the ice sheet boundary, the surface tem-
perature distribution is complicated. The internal
temperature distribution of ice sheet has a trend of increas-
ing with increase of depth. The simulation results also
showed that, around ice dome (x = 0) the horizontal veloc-
ity of ice flow was close to 0, and the horizontal and verti-
cal velocity (Fig. 6) agreed with the simulation results of
GLIMMER model (Figs. 2,3). This has meaningful signif-
icance for verification of the horizontal shear at different

Fig. 4. Ice sheet profile – thickness and temperature distribution. (a)
Theoretical thickness distribution of profile and comparison with simu-
lation results; (b) temperature distribution of ice sheet profile under
steady-state.

Fig. 5. Vertical distribution of temperature of ice sheet profile (to three
reference lines in Fig. 4(a): x = 0, x = 0.5L, x = 0.9L).

Fig. 6. Vertical distribution of horizontal ice flow velocity at dome
(reference line in Fig. 4(a): x = 0).
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depths on ice sheet velocity profile. The results of simula-
tion showed that after GLIMMER model was simplified
into the 2-dimensional ice flow model, practical surface
velocity and vertical velocity distribution of ice sheet profile
could be simulated so long as model parameters and
boundary condition settings were optimized further and
factual observation data were combined.

4. Discussion and conclusion

The present study makes an idealized ice sheet simula-
tion test with a 3-dimensional coupled model for Antarctic
ice sheet – GLIMMER model under EISMINT-1 bench-
mark, gets various evolution curves expressing conserva-
tion of mass, momentum and energy of ice sheet, and
indicates that under fixed boundary condition, the physical
characteristic curves when ice sheet is in a steady state are
in accordance with our current knowledge on Antarctic ice
sheet on the whole. In order to consider further simulation
of the relation of ‘‘depth-age-accumulation’’ at Dome A
region, we simplify the GLIMMER model into a 2-dimen-
sional ice flow model with coupled temperature field and
test it under some brief assumptions. The change of eleva-
tion, temperature field and velocity field of ice flow profile
in evolution steady state of ice sheet are obtained quantita-
tively. The results are similar to the calculation results of
GLIMMER model.

Meanwhile, when solving the equations of the model,
our study also provides improvement on the original 3-
dimensional model difference scheme, taking into consider-
ation the stability of simulation calculation. Such a method
allows the vertical axis to discretize more freely and can
compare the effect of step size on simulation results at dif-
ferent time. This helps to analyze the change details of the
evolution process of ice sheet better.

Of course, the case treated here is still an idealized state.
It is not sufficient to draw the evolution details of a practi-
cal region (such as Dome A) yet, because the model lacks a
parameter optimization process for a specific region. In
addition, the choice of initial and boundary conditions is
also an important issue. Nevertheless, the simplified model
can already simulate directly ice thickness, temperature
field, velocity field and various gradients. The results show
that the 2-dimensional ice flow model can accurately simu-
late the ice deformation around ice dome and the fluid
deformation characteristics dependent on temperature. By
using the model, we try to simulate the relation of
‘‘depth-age-accumulation’’ at Dome A region so as to
make some quantitative analysis on mass balance of Ant-
arctic ice sheet and its effect on sea level change.
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