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Conservation of mass

« Compressibility coefficient: yt= 1.2 x 10-10 Pa-1

* Linear thermal expansion of ice: 5 x 10-5 °C-1

- Density varies by less than 0.5% in Antarctica and Greenland
- lce can be considered an incompressible fluid
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« Depth integrating between the bottom and the top surface of the ice:
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How about grounded ice?
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How about grounded ice?
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¢ Initializat difficult

« Strong nee [ ed” bedrock elevation maps
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<. NASA P-3
radar altimeter
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I\/Iass Conservation Approach

Find H such that:

y
. . 7

V-Hv = MS—FMb—a— in
< g atJ

a

H = Hgs on I'_

dH / ot from ICESat/ATM

SMB from regional climate model

Hops from OIB flight line

Velocity = INSAR surface velocities or modeled
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Mass Conservation Approach
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PDE-Constrained optimization

I

Minimize the cost function:

1
T (¥,4) :/ o (H — Hop) di
Tracks

With the constraint;

{V-H\_f

Q in )

H H,p, onl_

Controls:
vV € [0.95 (Vobs — 50) Vobs T 50] m/yr
4 = Geps =1 m/yr
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Variational data assimilation

I

Lagrangian:

L(H\v,a)=J(H) +/ ANV -Hv —a)d2
Q
The adjoint state is defined by:

Yo € Viy /@(H—Hobs)dx—/
T

QOV-V)\dQ—I—/ P AV-ndS =0
Q

'+

Gradients:
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PDE-Constrained optimization

MC after optimization
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Bamber 2001

Upernavik Isstrom
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Comparison with other datasets

Bamber 2013 Mass Conservation
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Bedl\/lachlne Greenland v3

Self-consistent dataset of the
topography of Greenland
mask

- surface elevation

- ice thickness

- bed elevation

- efrror map

- source map

- Geoid height (WGS84)

150-m grids (true resolution
depends on the region)

V1: Posted at NSIDC since 2014
V3: Available since Sept. 2017
V4: under development...
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I Mass conservation
Il interpolation
[IHydrostatic eq.
Il Flowline diffusion
[ Gravity inversion

[ISeismic

BedMachine Antarctica
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Bedmap1
——AGAP-BAS
——— AGAP-USAP
——AGASEA-BAS
——— AGASEA-UT
AWI
—BASEC
——— CASERTZ
—CResSIS
—— FISS
—FISS2
GANOVEX
GEA
GIMBLE
——— GRADES
——— ICECAP-EAGLE
——— ICECAP-IPY
ICECAP-OIB
—ICEGRAV
——— IMAFI
—— IPY-traverse
ItaRES
KRT1
Luyendyk
—— NARE-IceRises
——OIR
—PARIS
—PCMEGA
PolarGAP
Ragnhild
—RDrews
Rutford
———SOAR
SPRI
— UTIG-DCS
UTIG-DVD
—— UTIG-RBG
UTIG-STI
—— UTIG-WAG
— WISE
—— WISE-ISODYN
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Credit: P Fretwell (BAS)




Flowline diffusion

Find the ice thickness, H, such that

|
-

H

V-DVH
Hobs

Anisotropic diffusion tensor:

D =v.,®v,+ 7l
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es Glacier
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Bed elevation (m)
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Denman
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Denman
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Recovery Ice Stream

2000 T T T T 2000
\
1000 F R 1000
E oF—————— = —— = — O ——————— = —
c
Kl
S -1000 T 1 -1000
w
-2000 1 -2000 r
n (0)
-3000 ! . : : -3000 * ' *
E1 10 20 30 40 E2 E1' 50 100 E2'
bed elevation (m) Distance along flight track (km) Distance along flow line (km)

il
)00 -2000 -1000 O 1000

IceCube Workshop - January 19 2020 22



4’, UNIVERSITY OF CALIFORNIA IRVINE

Bed topography around South Pole
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Bed topography around South Pole
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