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We have developed a scheme for two and three dimensional ice sheet dynamics with the 
model considered by Mahaffy, assuming the basal sliding velocity to be zero. Mahaffy's 
model is given by ah/at = b - V ·q and q = - ck V h, or, cV ·(-kV h) = b - ah/at, where 

fl·""l 

c = {(2A)/(n + 2)} (pg)" and k (x,y,t) = ( V h· V h)----,y_- (h - z0)11 +
2 . We can lead the 

dimensionless form, in which c = 1. 
In the two dimensional model, let Q1 = [-x 1, x i ] which is the land area, and Q2 = 

[-x2 , -x 1) u (x 1, x2], which is the sea area, where O < x 1 < x2 • We assume that q in Q2 is 
m times larger than in Q 1 and that the initial shape of h is symmetric about x = 0. Let 
(bx ::s nL!x, q;,k = q((i-l/2) L!x, kL!t) (i =0, 1, ... , n+l) and h;,k = h (iL!x, kL!t) (i = 0, 1, 
... , n), z0; = z0 (iL!x) (i = 0, 1, ... , n). Then qi,k and hi.k are placed alternately. The finite 
difference representations of Mahaffy's model are q;,k = -{(h;,k -h; -i,k) I L!xt{ (h;,k 
+ h; -1 ,k) I 2+ (zo;+Z'.(>;- 1 ) / 2t + 2 and h,,k+I = h;,k +L!t{b- (q;+i.k-q;,k) I Llx}. If iL!x E Q2, 
mq ;, k is used instead of q ;, k· Boundary conditions are q0 ,k = ( -1 )" q 1 ,k and h11 • k = 0. 

In the three dimensional model, let Q be the region of interest and aQ be the boundary 
of Q. For both sides of Mahaffy's model, we multiply the weighting function W1 and 
integrate in the interior region Q and apply Green's theorem, fo kV h· V W1dQ -f aQ k 
(ah/an) W1dr = J Q(b-ah/at) W1dQ, where ah I an = V h·n in which n is the outer normal 
vector of aQ. We divided the region Q into N small regions Qe. Let M be the number of 
nodes and assign a number from 1 to M to each node. Let h be the approximation of h. h 

(x,y,t) = h (x,y,t) = ��=I hm (t)Nm(x,y) where Nm (x,y) are basis functions which are 1 at 
the node m and O in small regions which do not include the node m. We take N1 as the 
weighting function. Let k = k (h), b = b (h), K,,m (h) = fo k{(aNm I ax)(aN,lax) + (aNm I 

ay)(aN, I ay)}dQ - faQ k (aNmlan) N,dr, C1,m = JQNm N1 dQ, f1(h) = fo bN1dQ, K = 
(K1 , m)1,m=I .... , M, C = (C1,m)i,m 1. .. M and f = (fi. ... , [M)T. Then we can write the integral 
equation as K (h) h + C (ah/at) = f (h). We apply the backward difference method over 
time, and define h(n ) = h (n�t), K (h<11)) h(nl + C {(h< 11Lh(n-ll)/�t} = f(h<11)). When h(n-J) 
is solved, h(nl can be solved by an iterative method, substituting an initial value into h<11 >. 
Kf'.m (h), C'f.m and K1,m (h) are defined when using Qe instead of Q in K,. m (h) c,.m and 
f1 (h) respectively. Then K,.m (h) = ��=I K'f.m (h), c,.m = ��=I cr.m, and f, (h) = ��=I 

tr (h). Here, Kfm = Ct.m = ft = 0 if l, m ffc Qe. Letting Ke = (K{m)!,m=i, ... ,M, C = 

(Cf'.m)t,m=i, .. ,M and re = (ff, ... ,f'f.,,)T, we calculate K e, ce and re for each e at first, then find 
K, C and f. 

The two dimensional scheme was applied to the Shirase drainage basin, and the three 
dimensional to the entire Antarctic ice sheet. The results seem to be satisfactory, although 
further improvements are to be carried out. 
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