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SYNOPSIS

Flow-line models have several potential advantages over models with two horizontal dimensions
I higher resolutions possible
I better suited for process studies due to lower complexity

The Parallel Ice Sheet Model (PISM, www.pism-docs.org) is a model with two horizontal dimensions
I Flow-line model capabilities were added by periodizing the cross-flow direction
I Tools were added to facilitate flow-line modeling

MODEL DESCRIPTION

The Parallel Ice Sheet Model project provides an open source, fully-parallel, high-resolution ice sheet
model.

It has these features:
I a hierarchy of available stress balances, including shallow ice and shelf approximations, a hybrid of

these [Bueler and Brown, 2009]
I verification and validation tools
I a polythermal, enthalpy-based conservation of energy scheme
I extensible coupling to atmospheric and ocean models
I complete documentation for users and developers

From the software point of view, PISM is a C++ program which
I uses PETSc for parallel numerics and MPI for interprocess communication
I reads and writes NetCDF files
I automatically converts units by using UDUNITS
I generates CF 1.4-compliant NetCDF files

PISM WORKS WITH A RANGE OF PRE- AND POST-PROCESSING TOOLS

Using NetCDF and following CF Conventions means that PISM users have many data analysis, pre-
and post-processing and visualization tools to choose from:

I NetCDF Operators (NCO)
I Climate Data Operators (CDO)
I Unidata IDV
I plotting libraries such as

I PyNGL
I Matplotlib Basemap Toolkit
I Panoply
I GMT

and many others that can read netCDF.

FLOW LINE APPLICATION MODE

flowline.py is a python script to convert input and output:
1. create a input file myflowline_input.nc in netCDF format containing only (t,z,x) dimensions
2. run flowline.py -e myflowline_input.nc my3d_input.nc, the script will expand

dimensions to (t,z,y,x)
3. run PISM with your favorite settings
4. run flowline.py -c my3d_output.nc myflowline_output.nc to collapse dimensions back

to (t,z,x)

STORGLACIÄREN
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Figure 1: Left: Storglaciären, northern Sweden. July 2004. Photo courtesy of R. Hock. Right: Map with kinematic center line
(upper panel) and longitudinal cross-section with observed thermal structure. Grey indicates cold ice.

Storglaciären is a
I small valley glacier in northern Sweden (Fig. 1, left)
I is a Scandinvian-type polythermal glacier: most of the ice is temperate except for a thin near-surface

layer in the ablation zone (Fig. 1, right)

MODEL SETUP AND PARAMETERS

I all simulations done along the flow-line shown in Fig. 1
I non-sliding shallow ice approximation (SIA) and hybrid stress balance (BBA)
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Figure 2: Upper panel: surface mass balance (blue line)
and surface temperature (purple line). Lower panel: ob-
served bedrock and upper ice surface elevation.

Variable Name Value Unit
E enhancement factor 0.3
dx horizontal grid spacing 5 m
dz vertical grid spacing 1.5 m
φ till friction angle 20 ◦

q pseudo-plasticity exponent 0.75
qgeo geothermal flux 42 mW m2

u0 threshold speed 10 m a−1

Table 1: Model parameters

I Surface boundary conditions are shown in Fig. 2
I geothermal flux
I basal velocity either zero (SIA) or determined by the sliding law below (BBA)

I The basal shear stress τb is assumed to be proportional to a power of the sliding velocity:

~τb = −(tanφ)(ρgH − pw)
~ub

|~ub|(1−q)uq
0
= τc

~ub

|~ub|(1−q)uq
0
. (1)

where H is the ice thickness, ρgH is the overburden pressure, pw is the basal water pressure and τc
is called the “yield stress”.

RESULTS
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Figure 3: Simulated velocities (left) and thermal structure (right). Red colors indicate liquid water fraction, blue colors are
temperature. Dashed line is the cold-temperate transition surface.

I Fig. 3 (left) shows modeled horizontal velocities at the surface (SIA and BBA) and at the base (BBA
only)

I For comparison, a full Stokes solution from Aschwanden and Blatter [2009] is shown, using prescribed
basal velocities

I boundary conditions for full Stokes and SIA/BBA were not excatly the same, so comparability is
very limited!

I Both SIA and BBA capture the main flow features
I Fig. 3 (right) shows the simulated thermal structure. The polythermal conservation of energy scheme is

clearly able to produce a Scandinavian-type thermal structure

SUMMARY

I flow-line capabilities have been added to PISM
I PISM simulates Scandinavian-type polythermal glaciers
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