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Two-fold physical basis METHODS

MASS CONSERVATION

: . Dh
1 - ice flux solver V-F =pb—-—

« solves for the ice flux F assuming that Dt
flow directions follow surface slopes

in Q)

I
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« calculates ice thickness H from F assuming
no basal sliding and uniform viscosity B
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Two-fold physical basis METHODS

MASS CONSERVATION
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1 - ice flux solver V-F =p—-—
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EXTRA INPUT surface velocity magnitude and direction



Two-fold physical basis METHODS

MASS CONSERVATION

: . Dh
1 - ice flux solver V-F =p—-—

« solves for the ice flux F assuming that Dt
flow directions follow surface slopes

in Q)

I
Q.

« calculates ice thickness H from F assuming
no basal sliding and uniform viscosity B

2
F = N.B="/n. |vs|"-1HN*2. vs
— 5 (P9 |Vs|

MINIMUM INPUT (glacier outline
DEM
SMB
DhDt
| oMV @H) = a in 0
2 — thickness solver ¢
« solves for ice thickness H e
« requires velocity information ﬁ“\
© assumes vertically unlfor W

EXTRA INPUT surface velocity magnitude and direction



Cost function J

J - Zi}\iJi

ice flux solver

« control parameters: a

« cost function composition
J, - penalises negative flux values
J, - penalises high spatial variability in flux field
J; - penalises the mismatch to the observed a

thickness solver
« control parameters: a and u
% cost function composition
J, - penalises negative thickness values
J, - penalises high spatial variability in thickness field
J; - penalises unrealistic marine ice cliff heights
Js - penalises mismatch to observed velocities
J; - penalises mismatch to observed a

METHODS



Error estimate METHODS

1 - ice flux solver
 gssume that erroneous flux field is also V(n- 5F1) = da — V(F. 5n) in Q
a solution of mass conservation V(—n:6F,) = §a — V(F- én)

« upstream and downstream error transmission

« |inear error propagation through SIA equation

1 -1/(N+2)
(pg)n B /n . |VS|n ) . F—(n+1)/(n+2) . 5Fl

1 n+ 2
s, = (-

=n+2 2

« take minimum of 6H, and 6H,

2 — thickness solver

© gssume that erroneous thickness field V(ﬁ‘ 5H) =d6a— V(F‘ 5U) in )
satisfies mass conservation

INPUT UNCERTAINTIES on =20%
6a =02mi.e./yr
éu =20m/yr
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Vestfonna

« glacier outlines
(Nuth et al., 2013)

« surface elevation
(NP1 SO DTM50)

UTM y-coordinate [ km ]

610
UTM x-coordinate [ km ]

INPUT



Vestfonna INPUT

« glacier outlines
(Nuth et al., 2013)

« surface elevation
(NP1 SO DTM50)

o SMB
regional climate model
MAR (mean 1979-2015)
(Lang et al., 2013)
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Vestfonna INPUT

« glacier outlines
(Nuth et al., 2013)

« surface elevation
(NP1 SO DTM50)
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regional climate model
MAR (mean 1979-2015)
(Lang et al., 2013)
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Vestfonna INPUT

400

« glacier outlines
(Nuth et al., 2013)

{350

« surface elevation

(NPI SO DTM50) °%

© SMB

regional climate model
MAR (mean 1979-2015)
(Lang et al., 2013)

UTM y-coordinate [ km ]

« elevation changes

ICESat (mean 2003-2007)
(Nuth et al., 2010)

© gurface velocities
Sentinel 1 (2015 - 2016)

610
UTM x-coordinate [ km ]



Vestfonna INPUT

ice thickness [ m ]

S—
« glacier outlines '
(Nuth et al., 2013)

« surface elevation
(NPI SO DTM50)

© SMB

regional climate model
MAR (mean 1979-2015)
(Lang et al., 2013)

UTM y-coordinate [ km ]

« elevation changes

ICESat (mean 2003-2007)
(Nuth et al., 2010)

© gurface velocities
Sentinel 1 (2015 - 2016)

8860

« thickness observations
airborne and ground RES UTM x-coordinate [ km ]

(Dowdeswell et al., 1986; Petterson et al., 2011)
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Reconstruction RESULTS

GRIDDING

« 500m nominal resolution
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Reconstruction RESULTS

ICE FLUX

10°

10*

UTM y-coordinate [ km ]

102

10°

600 610
UTM x-coordinate [ km ]



Reconstruction RESULTS

VISCOSITY PARAMETER

Viscosity parameter [ 10% Pa yr'/3 ]

UTM y-coordinate [ km ]

600 610
UTM x-coordinate [ km ]



Reconstruction RESULTS

ICE THICKNESS

ice thickness [ m ]
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Reconstruction RESULTS

ICE THICKNESS b‘ e

ice thickness [ m ]
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Reconstruction RESULTS

Sensitivity

ice thickness [ m ]
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Reconstruction RESULTS

FORMAL ERROR CALCULATION

error estimate[ m |

UTM y-coordinate [ km ]

610
UTM x-coordinate [ km ]



Reconstruction RESULTS

FORMAL ERROR CALCULATION

error estimate[ m |
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Reconstruction RESULTS

FORMAL ERROR CALCULATION

error estimate[ m |

610 620 630 . - ] 610
UTM x-coordinate [ km ] UTM x-coordinate [ km ]
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Reconstruction

Withholding measurements

RESULTS

1 5 10 20 30 40 50 60 70 80

90 99

withheld fraction of thickness measurements [ % ]

avibunae

09%o VIC
v¢¢ THPB
vVy WSB

100 10’
normalised absolute mismatch values [ % ]



RESULTS

Reconstruction

ice thickness [m]
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Reconstruction RESULTS

ERROR ESTIMATES Hans-, Paierl-, Torell-, Werenskioldbreen
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Reconstruction RESULTS

ICE THICKNESS

ice thickness [ m ]
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RESULTS

Reconstruction

ice thickness [ m ]

ICE THICKNESS

UTM x-coordinate [ km ]

UTM x-coordinate [ km ]
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