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How does ice temperature close to a glacier

surface vary with depth?
Things to consider: .
e Seasonal temperature variations 5o -

e Heat diffusion dominates energy -
balance
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Energy Balance Equation — Advection-Diffusion Equation:

T
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advection diffusion production

Simplified using constant k, and in 1-dimension:
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Fourier law of heat diffusion
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We only care about one dimension (depth).




Boundary Conditions

o Temperature changes seasonally with some amplitude ATj

T(O, t) =To + ATy sin(wt) K

o Constant at some depth (i.e. asy —»)
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Separate and conquer!

T(y,t) = Y(y)R(2)
= Ty + Y1 (y) cos(wt) + Ys(y) sin(wt).
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dy21 = wY, iy 9 Guess!
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Assumed solution for Y,

Yo = Cpe™?
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K — wY5

Abs sin (y\/%) — Aby cos (y\/g) — Ab; cos (y\/g) + Abs sin (y\/%)

by = b3 =0 by = ATy = —by



T(y,t) = Ty + Y7 cos(wt) + Y sin(wt)

~ Ty +exp (— /2 ) coslwt)| — ATysin (/% )|
+exp( f) wt)[ATocos(yf)]

T(y,t) = To + ATy exp ( ~ Yy %) sin (wt -y %>



Glacier: Golle Gnifetti

Use borehole measurement
temperatures from Haeberli &
Funk 1991
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e Temp. variations small past 15m =l
depth kN
e Temp settles to mean surface 0 |
temperature at greater depths el
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Summéry

Deriving Temperature
variation with Depth:
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Cuffy Chapter 6
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Extra Slides Plot from Haeberly & Funk:
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Plot from Cufty: 2-
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Plot from Cuffy:
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Plot we made:
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Extra Slides Plot from Haeberly & Funk:
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