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Reconstructing Climate: Midtre Lovénbreen, Svalbard

Pictures and data provided by Jack Kohler, NPI, NOR (2005 DEM from NERC

ADE M6 s 0 b tdifferentdirdes a t

AUsing 2 consecutive time-levels
AObtaining averaged DEM

0 hz()()() = (h2005 — h1995)/2

Aand local elevation change
Oh
3t 12000 = (h2005 — h1995)/11

AEImer/Ice full Stokes diagnostic simulations Iy 4, — (u, v )

ASpatial distribution of SMB:
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Valisuo, I., T. Zwinger and Hohler (2017)Inverse solution of
surface mass balance of Midtre Lovénbreen, Svalhalournal of
Glaciology, 1.0, d0i:10.1017/jog.2017.26.
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AWe take the DEM of 1995

AWe w

the

imulation on
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Il run a diagnost

givengeome

try
AEmphasis on some special features

o3Dmesh generation using extrusion

oRestart from2D data

ion

h deformat
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oVectorized& threaded version davierStokes

oBlock precond

oUti

itioning
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AUsers are free to try out different things

o Solution strategies

oParallelruns
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Internal mesh extrusion

AStart from aninitial 2D (1LD)meshandthen extrudeinto 3D (2D)

oMeshdensitymay be givena geometricratio andevenan
arbitrary function

Almplementedalsofor partitioned meshes

oExtrudedlinesbelongto the samepartition by construction

AEffectively eliminatesmeshingbottle-necks

ASideboundariesget a BCconstraintsothat

02D constraintBC = 1zontraint BC + offset
ooffset is setf the baselineBCsare preserved

ATop andbottom boundariesget the next free BCconstraint Extruded Mesh Levels = 21

indexes Extruded Mesh Density =
oNote thet the BCsrefer directly to the 8BoundaryConditiond Variable Coordinate 1
06 4 A BQuAdarie® uge@only whenreadingin the meshin the 1stplace Real MATC "1+10*tx"

andthey arenot availableany more at this stage



Restart from 2D data: Mesh2MeshSolver Cic

Solver 1

AWe cantake 2D data andnterpolateit to Exec Solver = before all

top/bottom layersof 3Dmesh Equation=" InterpSolver

_ _ _ _ Procedure = "Mesh2MeshSolver" "Mesh2MeshSolver"
o2Dinterpolatio taskwith z-coordinateneglected
: : I Restart is here always from a serial mesh

AMakesworkflow easiersincethe dataneedsto be Mesh = -single $  restartdir

Interpolated only onceto an EImemesh Restart File =$ restartfile
A2Dfile isreadin full to all processes I We use the primary 2D mesh with local copy

: Mesh Enforce Local Copy = Logical True
oSamerestartfile canbe usedfor anynumberof cored by J

AWe have precomputed restart files for you! ' These are the variables for restart
Restart  Position = Integer O

Restart Variable 1= String " bedrockDEM ™"
Restart Variable 2 = String "surfaceDEM1995"

I Ensures that we perform interpolation on plane
Interpolation Passive Coordinate = Integer 3
End




Utilizing extruded structure in meshdeformation: StructuredMeshMapper Cic

I Maps the constant - thickness mesh
AThEShapeOf the meShneedStO be I between  given bedrock and surface topology
Solver 2
accomodated Exec Solver =" before simulation "
oBottom of icefollowsbedrock Equation="  MapCoordinate "
oTop of icefollowsicesurface Procedure =" StructuredMeshMapper StructuredMeshMapper
Active  Coordinate = Integer 3

AThiscouldbe doneusinggeneric3Dtechniques Displacement  Mode = Logical  False

oMeshSolvgversion oflinearelasticityequation) Correct Surface =  Logical True
oExpensiveandunnecessarly Minimum Height =Real 5.0
_ Correct Surface Mask = String "Glaciated"
AWe canapplyto eachextrudednode 1Dmapping Dot Product Tolerance = 1.0e -3
oVerycheap I Allocate some fields here

Variable = MeshUpdate

Exported Variable 1=" bedrockDEM"

Exported Variable 1 Mask = String " BedRock"

Exported Variable 2 ="surfaceDEM1995"

Exported Variable 2 Mask = String "Surface"
End




Using extruded structure for mapping: StructuredProjectToPlane Cic

AWe may perform variousoperations
alongthe extruded1Dlines

oComputationof height & depth
oComputationof integralsoverthe depth etc.

I Computes height and depth assuming an
I extruded mesh.
Solver 3
Exec Solver =" before simulation
Equation =" HeightDepth
Procedure =" StructuredProjectToPlane
" StructuredProjectToPlane
Active Coordinate = Integer 3
Operator 1= depth
Operator 2= height
End




New Stokes solver. IncompressibleNSVec

AFlowSolveis one of the oldestmodulesin Elmer

oHasalot of extrabaggage
oCannotideally utilize modernCPUarchitectures

AlncompressibleNSVeis freshout of the oven

olncludesvectorizationandthreading
oTakesuseof codemodernination inmanyplaces

oUnfortunatelyvectorizationandthreadingdo not makethe
modulesprettier

APerformanceboostdependsheavilyon the length of
the vectors

oNumberof Gaussianntegration points

csc




