Mass balance of the Antarctic ice sheet:
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The present paper’s goal is to assess the change of Antarctic ice sheet mass with the use of simple model
under projected climate changes. We present conceptual model that takes into account major components of
total mass balance: precipitation, melting and ice discharge. We will neglect the components of local mass
balance other than precipitation and melting. Precipitation linearly depends on global surface air temperature
(SAT) T.

Melting takes place in the region where surface air temperature (SAT) is positive (°C'). Local rate of melting
is assumed to be proportional to SAT similar to [1]. Area S whith positive SAT depends on T, in particular,
linearly. These assumptions allow to obtain the expression for melting:
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Speed of ice flow across ocean-continent boundary is supposed to be proportional to third power of average
thickness of grounded ice H, (by analogy with Glen’s law [2, 10]). If ice discharge is proportional to ice thickness
at the ocean-continent boundary and ice sheet profile has a shape of parabola [2], then we have
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where 77 is global average temperature at initial time ¢y, 7; — time of temperature rise by 1°C, Hyo — average
ice thickness at which ice discharge becomes zero. First term in (2) is related with precipitation, second —
melting, and third — ice discharge.

In the case of constant ice discharge and if global SAT rises linearly with time, we obtain

Hg(t) = Ho + k1 (t — to) + ka(t — to)* — ks(t — to)®, (3)
where ki = a + 0Ty — hy — 20(d + vTh)?, by = 5= (b—20r(d+vTh)), ks = 55 > 0, k1 = dH,y/dt]i—,,
< cl
ko = d*H,/dt?|t—t,. Ice sheet may undergo several regimes. Temporal dependence H,(¢) has minimum and
subsequent maximum if the following condition is satisfied
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Denote time of minimum as 1, time of inflection — 5 and time of maximum — t3 (¢; < t3 < t3). Fig. 1 shows
straight lines corresponding to k1 = 0 and ke = 0. Precipitation values of 100 mm/yr and 271 mm/yr were
used as a samples from [3, 4, 5]. These lines constrain four zones which represent qualitatively different cases:
1)t0<t1: k1<0,k2>0,2)t1<t0<t2: k1>0,]€2>073)t2<t0<t3: k1>0,]€2<0,4)t0>t32 k1 <0,
ks < 0 (Numeration here is the same as in the Fig. 1). When to < t; we have decreasing of H,(t) at t =t and
positive ko. Situations 2) and 3) are those which have been noted in some model experiments [5, 6, 7]. According
to results of abovementioned simulations, at an initial stage ice sheet grows due to dominating precipitation
and shrinks thereafter according to increasing melting. Such behaviour should be attributed to the top part of
the b — r diagram where precipitation is significant. The last case ¢y > t3 is realized if at initial time melting is
enough to overcome the precipitation.

It is noteworthy that numerous ice sheet models have been developed earlier. They span from 0-dimensional
[5, 8, 9] (like described one) to thermo-mechanically coupled 3-dimensional models [7, 10, 11]. Proposed model
provides a clear analytical interpretation of multiple patterns in behaviour of an ice sheet.

This study was supported by the RFBR and RAS programs.



SD T T T
—k1=0, p=100mmfyr
—k1=0, p=27 1mmiyr
45H == == " .
reference b value 9 Pd
04 extremum condition at p=100 4
extrermum condition at p=271 o 3
s/ A i
DQ a0+ .
=
=
E 25t .
=
20+ .
15+ .
il H,=1.928km T,=15"C t =30yr°C |
R=2737mmiyr"C) d=25°C =2 ¢=18880yr
5 1 1 1 1 1 1 1
0.2 0.4 0.6 0.8 1 12 1.4 16 1.8

R 10

Figure 1: Ice sheet behaviour depending on parameters b and r
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