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Reconstructing Climate:  Midtre Lovénbreen, Svalbard

ÅDEMôs obtained at different times 

ÅUsing 2 consecutive time-levels

ÅObtaining averaged DEM

o

Åand local elevation change

ÅElmer/Ice full Stokes diagnostic simulations Ҧ 

ÅSpatial distribution of SMB:

1962

1966

1969

1977

1995

2005

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

Välisuo, I., T. Zwinger and J. Kohler (2017):Inverse solution of 
surface mass balance of Midtre Lovénbreen, Svalbard, Journal of 
Glaciology, 1-10, doi:10.1017/jog.2017.26.

1962-1969

1995-2005



ÅWe take the DEM of 1995  

ÅWe will run a diagnostic simulation on the 

given geometry

ÅEmphasis on some special features

o3D mesh generation using extrusion

oRestart from 2D data

oUtilizing extruded structure in mesh deformation 

oVectorized& threaded version of Navier-Stokes

oBlock preconditioning

oSemilagrangiansolver for purely convective transport 
i.e. of age

ÅUsers are free to try out different things

oSolution strategies

oParallel runs

oȣ

This exercise



Finalizingmeshusing internal extrusion

ÅThemeshis finalizedin memorystarting from 2D 

footprint

ÅHere the extrudedheight doesnot play anyrole

oMeshis further adaptedto follow true bottom and top

Simulation

Extruded Mesh Levels = Integer 9 

Extruded Max Coordinate = Real 1000



Internal meshextrusion

ÅStart from an initial 2D (1D) meshand then extrudeinto 3D (2D) 

oMeshdensitymaybegivena geometricratio and evenan 
arbitrary function

ÅImplementedalsofor partitioned meshes

oExtrudedlinesbelongto the samepartition by construction!

ÅEffectivelyeliminatesmeshingbottle-necks

ÅSide boundariesget a BC constraintsothat

o2D constraintBC = 1D contraint BC + offset

ooffset is set if the baselineBCsare preserved

ÅTop and bottom boundariesget the next freeBC constraint

indexes

oNote thet the BCsrefer directly to theȱBoundaryConditionȱ

oȱ4ÁÒÇÅÔ Boundariesȱ ÉÓ usedonlywhenreadingin the meshin the 1st place
and they are not availableanymoreat this stage

Extruded Mesh Levels = 21

Extruded Mesh Density = 

Variable Coordinate 1

Real MATC "1+10*tx"



Restart from 2D data: Mesh2MeshSolver

ÅWecantake 2D data and interpolate it to 

top/bottom layersof 3D mesh

o2D interpolatio taskwith z-coordinateneglected

ÅMakesworkflow easiersincethe data needsto be

interpolatedonly onceto an Elmer mesh

Å2D file is readin full to all processes

oSamerestart file canbeusedfor anynumberof cores!

ÅWehaveprecomputed restart files for you!

Solver 1

Exec Solver = before all

Equation = " InterpSolver "

Procedure = "Mesh2MeshSolver" "Mesh2MeshSolver"

! Restart is here always from a serial mesh

Mesh = - single $ restartdir

Restart File = $ restartfile

! We use the primary 2D mesh with local copy

Mesh Enforce Local Copy = Logical True

! These are the variables for restart 

Restart Position = Integer 0

Restart Variable 1 = String " bedrockDEM "

Restart Variable 2 = String "surfaceDEM1995"

! Ensures that we perform interpolation on plane 

Interpolation Passive Coordinate = Integer 3 

End



Utilizing extruded structure in meshdeformation : StructuredMeshMapper

ÅTheshapeof the meshneedsto be

accomodated
oBottom of ice followsbedrock

oTop of ice followsice surface

ÅThiscouldbedoneusinggeneric3D techniques

oMeshSolve(version of linearelasticityequation)

oExpensiveand unnecessary!

ÅWecanapplyto eachextrudednode1D mapping

oVerycheap!

! Maps the constant - thickness mesh 

! between given bedrock and surface topology

Solver 2 

Exec Solver = " before simulation "

Equation = " MapCoordinate "

Procedure = " StructuredMeshMapper " " StructuredMeshMapper "

Active Coordinate = Integer 3

Displacement Mode = Logical False

Correct Surface = Logical True

Minimum Height = Real 5.0

Correct Surface Mask = String "Glaciated"

Dot Product Tolerance = 1.0e - 3

! 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

ÅWemayperform variousoperations

alongthe extruded1D lines

oComputationof height & depth

oComputationof integralsoverthe depthetc.

! Computes height and depth assuming an

! 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 Stokessolver: IncompressibleNSVec

ÅFlowSolveis oneof the oldestmodulesin Elmer
oHasa lot of extrabaggage

oCannotideallyutilize modernCPU architectures

ÅIncompressibleNSVecis freshout of the oven
oIncludesvectorizationand threading

oTakesuseof codemodernination in manyplaces

oUnfortunatelyvectorizationand threadingdo not makethe
modulesprettier

ÅPerformance boostdependsheavilyon the lengthof 

the vectors

oNumberof Gaussianintegration points


