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Goals

Use your new ISSM skills to run a very coarse Greenland model. Initialize
your domain with a given exp file and parameterize it with the SeaRISE
netcdf dataset.

Steps:
• Mesh Greenland with given exp

• Adapt mesh using SeaRISE velocity data

• Parameterize (as the PIG model), but with SeaRISE datasets

• Stress Balance: run inverse method to control drag (30 steps recommended)

• Transient: 20 year run

• Use an appropriate time step for your resolution
• Force SeaRISE surface mass balance for 10 years
• For the next 10 years, simulate a warming scenario: decrease the surface

mass balance linearly, reaching a decrease of 1.0 m/y by year 20

• Plot transient results
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First Run Step: Mesh

The domain file DomainOutline.exp resides in this directory. First we mesh
using the triangle method as follows:

10 %Generate initial uniform mesh (resolution = 20000 m)
11 md=triangle(model,'./DomainOutline.exp',20000);

This creates a new model named md and meshes the model domain at a
resolution of 20000 m.
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Mesh, 2/4
Adapt

Next, adapt your mesh to SeaRISE velocities. The data resides in:

5 ncdata='../Data/Greenland_5km_dev1.2.nc';

Adapt:
• Fill variable vel with interpolated velocities (Hint: you need x and y velocities plus

ncfile x and y coordinates)

• Mesh adapt your model (bamg)

• Use variable vel
• Set hmax=400000m and hmin=5000m

• Set model lat/long using SeaRISE projection information (see projection
information in Greenland_5km_dev1.2.nc - Hint: in matlab you can use ncdisp)

• Save your model to a file
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Mesh, 3/4
Check Your Work

Solution:

13 % Get velocities (Note: You can use ncdisp('file') to see an ncdump)
14 x1 = ncread(ncdata,'x1');
15 y1 = ncread(ncdata,'y1');
16 velx = ncread(ncdata,'surfvelx');
17 vely = ncread(ncdata,'surfvely');
18 vx = InterpFromGridToMesh(x1,y1,velx',md.mesh.x,md.mesh.y,0);
19 vy = InterpFromGridToMesh(x1,y1,vely',md.mesh.x,md.mesh.y,0);
20 vel = sqrt(vx.^2+vy.^2);
21
22 %Mesh Greenland
23 md=bamg(md,'hmax',400000,'hmin',5000,'gradation',1.7,'field',vel,'err',8);
24
25 %convert x,y coordinates (Polar stereo) to lat/lon
26 [md.mesh.lat,md.mesh.long]=xy2ll(md.mesh.x,md.mesh.y,+1,39,71);

Now, plot your mesh.

30 plotmodel (md,'data','mesh');
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Mesh, 4/4
Plot Mesh

Plot your mesh. It should look like:

−1.5 −1 −0.5 0 0.5 1

x 10
6

−3

−2.5

−2

−1.5

−1

x 10
6 Mesh

N. Schlegel — SeaRISE GrIS 6/32



I S S M W O R K S H O P 2 0 1 6 J P L

Introduction Mesh Parameterization Control Method Solution Transient Solution Plot Results Exercise Additional Exercises

Mesh
Full Solution

8 disp(' Step 1: Mesh creation');
9

10 %Generate initial uniform mesh (resolution = 20000 m)
11 md=triangle(model,'./DomainOutline.exp',20000);
12
13 % Get velocities (Note: You can use ncdisp('file') to see an ncdump)
14 x1 = ncread(ncdata,'x1');
15 y1 = ncread(ncdata,'y1');
16 velx = ncread(ncdata,'surfvelx');
17 vely = ncread(ncdata,'surfvely');
18 vx = InterpFromGridToMesh(x1,y1,velx',md.mesh.x,md.mesh.y,0);
19 vy = InterpFromGridToMesh(x1,y1,vely',md.mesh.x,md.mesh.y,0);
20 vel = sqrt(vx.^2+vy.^2);
21
22 %Mesh Greenland
23 md=bamg(md,'hmax',400000,'hmin',5000,'gradation',1.7,'field',vel,'err',8);
24
25 %convert x,y coordinates (Polar stereo) to lat/lon
26 [md.mesh.lat,md.mesh.long]=xy2ll(md.mesh.x,md.mesh.y,+1,39,71);
27
28 save ./Models/Greenland.Mesh_generation md;
29
30 plotmodel (md,'data','mesh');
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Parameterization

Call the setmask function with empty arguments and then parameterize your
mesh with file Greenland.par. Then set your flow equation to SSA for all.

Read though the parameter file Greenland.par, similar to your PIG par file,
but for Greenland. Here, we want to parameterize a full continental domain.

In addition, we initialize the single point constraint velocities explicitly to nan.

73 md.stressbalance.referential=NaN*ones(md.mesh.numberofvertices,6);
74 md.stressbalance.spcvx = NaN*ones(md.mesh.numberofvertices,1);
75 md.stressbalance.spcvy = NaN*ones(md.mesh.numberofvertices,1);
76 md.stressbalance.spcvz = NaN*ones(md.mesh.numberofvertices,1);
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Parameterization: 2/3
Solution

34 disp(' Step 2: Parameterization');
35 md = loadmodel('./Models/Greenland.Mesh_generation');
36
37 md = setmask(md,'','');
38 md = parameterize(md,'./Greenland.par');
39 md = setflowequation(md,'SSA','all');
40
41 save ./Models/Greenland.Parameterization md;

Now, plot thickness and velocity.

1 >> plotmodel(md,'data',md.geometry.thickness);
2 >> plotmodel(md,'data',md.initialization.vel,'caxis',[1e-1 1e4],'log',10);

N. Schlegel — SeaRISE GrIS 9/32



I S S M W O R K S H O P 2 0 1 6 J P L

Introduction Mesh Parameterization Control Method Solution Transient Solution Plot Results Exercise Additional Exercises

Parameterization: 3/3
Plot

Plot thickness and velocity. They should look like:
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Stress Balance

Use control methods to inversely solve for Greenland FrictionCoefficient
Steps:

• Set cost functions
• absolute value of surface velocity
• log of surface velocity
• drag coefficient gradient

• Set cost functions coefficients to 350, 0.6 and 2*10-6

• Set gradient scaling to 50
• Specify max inversion parameter = 200, min inversion parameter = 1
• Solve a 30-step Stress Balance model in 2D, SSA
• Copy result Friction Coefficient to model (md) value
• Save your model
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Stress Balance: 2/3

Startoff Code:

46 md = loadmodel('./Models/Greenland.Parameterization');
47
48 %Control general
49 md.inversion.iscontrol=1;
50 md.inversion.nsteps=30;
51 md.inversion.step_threshold=0.99*ones(md.inversion.nsteps,1);
52 md.inversion.maxiter_per_step=5*ones(md.inversion.nsteps,1);

NB: Remember that md.inversion can be called for help!
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Stress Balance: 3/3
Solution

54 %Cost functions
55 md.inversion.cost_functions=[101 103 501];
56 md.inversion.cost_functions_coefficients=ones(md.mesh.numberofvertices,3);
57 md.inversion.cost_functions_coefficients(:,1)=350;
58 md.inversion.cost_functions_coefficients(:,2)=0.6;
59 md.inversion.cost_functions_coefficients(:,3)=2e-6;
60
61 %Controls
62 md.inversion.control_parameters={'FrictionCoefficient'};
63 md.inversion.gradient_scaling(1:md.inversion.nsteps)=50;
64 md.inversion.min_parameters=1*ones(md.mesh.numberofvertices,1);
65 md.inversion.max_parameters=200*ones(md.mesh.numberofvertices,1);
66
67 %Additional parameters
68 md.stressbalance.restol=0.01; md.stressbalance.reltol=0.1;
69 md.stressbalance.abstol=NaN;
70
71 %Go solve
72 md.cluster=generic('name',oshostname,'np',2);
73 md.toolkits=toolkits;
74 md.verbose=verbose('solution',true,'control',true);
75 md=solve(md,StressbalanceSolutionEnum);
76
77 %Update model friction fields accordingly
78 md.friction.coefficient=md.results.StressbalanceSolution.FrictionCoefficient;
79
80 save ./Models/Greenland.Control_drag md;
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Transient

You are ready to run a transient!

Simulate Greenland warming by forcing a temporal decrease in
md.smb.mass_balance:

The forcing will look like this:
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Transient: 2/4
Forcing
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Specify a transient forcing by adding a time value to the end (in the end+1
position) of the column of forcing variable values. For example, let smb be
the initial values of surface mass balance. To impose the forcing above:

1 >> md.smb.mass_balance = [ smb smb-1];
2 >> md.smb.mass_balance = [ md.smb.mass_balance; ...
3 [10 20]];

NB: By default ...

Prior to first and after last imposed time, forcing values remain constant. Between
imposed times, forcings are linearly interpolated.

To turn the interpolation off (using a step function), set
md.timestepping.interp_forcings=0;.
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Transient: 3/4
Solve

Set up your transient

Steps:
• Set control md.inversion.iscontrol back to 0
• Interpolate surface mass balance from SeaRISE dataset, converting

from water to ice equivalent. NB: md.materials has helpful constants
• Impose SeaRise surface mass balance for 10 years then linearly

decrease to 1 m/yr by year 20
• Set time step to 0.2 and output frequency to 1
• Ask your model to save IceVolume, TotalSmb, and

SurfaceforcingsMassBalance transient output
• Solve a 20 year Transient in 2D, SSA
• Save your model

NB: To request transient output for plotting later, use the md.transient
requested_outputs field.
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Transient: 4/4
Solution Setup

85 md = loadmodel('./Models/Greenland.Control_drag');
86
87 %Set surface mass balance
88 x1 = ncread(ncdata,'x1');
89 y1 = ncread(ncdata,'y1');
90 smb = ncread(ncdata,'smb');
91 smb = InterpFromGridToMesh(x1,y1,smb',md.mesh.x,md.mesh.y,0);
92 smb = smb*md.materials.rho_freshwater/md.materials.rho_ice;
93 smb = [smb smb smb-1.0];
94 md.smb.mass_balance = [smb;1 10 20];
95
96 %Set transient options, run for 20 years, saving every timestep
97 md.timestepping.time_step=0.2;
98 md.timestepping.final_time=20;
99 md.settings.output_frequency=1;

100
101 %Additional options
102 md.inversion.iscontrol=0;
103 md.transient.requested_outputs={'IceVolume','TotalSmb', ...
104 'SmbMassBalance'};
105 md.verbose=verbose('solution',true,'module',true,'convergence',true);
106
107 %Go solve
108 md.cluster=generic('name',oshostname,'np',2);
109 md=solve(md,TransientSolutionEnum);
110
111 save ./Models/Greenland.Transient md;

N. Schlegel — SeaRISE GrIS 17/32



I S S M W O R K S H O P 2 0 1 6 J P L

Introduction Mesh Parameterization Control Method Solution Transient Solution Plot Results Exercise Additional Exercises

Transient Results
Plot Plan

Your results are located in md.results.TransientSolution. Plot your results.

First, plot the initial plan view of velocity, surface mass balance, thickness,
and surface in four subplots on the same figure.

They should look like:
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Plot
Solution

119 plotmodel(md,'data',md.results.TransientSolution(end).Vel,'log#1', 10, ...
120 'caxis#1', [1e-1 1e4], ...
121 'title#1', 'Velocity (m/y)',...
122 'data',md.results.TransientSolution(1).SmbMassBalance,...
123 'title#2', 'Surface Mass Balance (m/y)',...
124 'data',md.results.TransientSolution(end).Thickness,...
125 'title', 'Thickness (m)',...
126 'data',md.results.TransientSolution(end).Surface,...
127 'title', 'Surface (m)');

Next, plot a timeseries of mean surface mass balance, mean velocity, and ice
volume. Hint to plot mean surface mass balance results:

129 %Line Plots
130 figure
131
132 %Plot surface mass balance
133 surfmb=[]; for i=1:100; surfmb=[surfmb ...
134 md.results.TransientSolution(i).SmbMassBalance]; end
135 subplot(3,1,1); plot([0.2:0.2:20],mean(surfmb)); title('Mean Surface mass ...

balance');
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Your results should look like:
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Box Transient

Now, let’s force our transient with historical surface mass balance!

Use Jason Box’s surface mass balance time series as forcing. Format the
SMB provided, and save it in a matlab file to use later.

Later, we will use this matrix to assing the md.smb.mass_balance.
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Box Transient: 2/7
Relaxation

First, we will relax the model. An example of a 20 year relaxation to the time
series mean is shown in runme.m, step 7.

183 %convert mesh x,y into the Box projection
184 [md.mesh.lat,md.mesh.long] = xy2ll(md.mesh.x,md.mesh.y,+1,39,71);
185 [xi,yi]= ll2xy(md.mesh.lat,md.mesh.long,+1,45,70);
186
187 %Interpolate and set surface mass balance
188 index = BamgTriangulate(x1(:),y1(:));
189 smb_mo = InterpFromMeshToMesh2d(index,x1(:),y1(:),smbmean(:),xi,yi);
190 smb = smb_mo*12/1000*md.materials.rho_freshwater/md.materials.rho_ice;
191 md.smb.mass_balance = [smb;1 ];
192
193 %Set transient options, run for 20 years, saving every timestep
194 md.timestepping.time_step=0.2;
195 md.timestepping.final_time=20;
196 md.settings.output_frequency=1;
197
198 %Additional options
199 md.inversion.iscontrol=0;
200 md.transient.requested_outputs={'IceVolume','TotalSmb', ...
201 'SmbMassBalance'};
202 md.verbose=verbose('solution',true,'module',true);
203
204 %Go solve
205 md.cluster=generic('name',oshostname,'np',2);
206 md=solve(md,TransientSolutionEnum);
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Box Transient: 3/7
Plot Relaxation

Plot your results using step 5. To do so, load the new model
Greenland.HistoricTransient instead of the old Greenland.Transient model
and re-run step 5. Your results should look like:
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Box Transient: 4/7
Longer Relaxation

We don’t have time to run for many years, but ... the relaxation would take
roughly 1000 years. Results would look like this:
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Here, we have time to run the model for 200 years, instead of the 20 years
you did in step 5. Model results shoud be saved every 1 year (5 timesteps).

Exercise, Part 1:

Update step 7, such that you run for 200 years.

Save the model output every year.

After the run is over, save the model under a different name than your 20
year run. Something like ./Models/Greenland.HistoricTransient_200yr.
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Exercise, Part 2:
Load the 200 year transient model and plot a timeseries of the
md.results.TransientSolution(i).IceVolume.

Your results should look like:
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Box Transient: 5/7
Transient initialization

Now we will use the 200 year relaxed ice sheet as a starting condition for a
historic transient run.

To do so, we need to copy the 200 year resulting geometry and velocities into
the current model state.

253 %load past transient results
254 md.geometry.base=md.results.TransientSolution(end).Base;
255 md.geometry.thickness=md.results.TransientSolution(end).Thickness;
256 md.geometry.surface=md.geometry.base+md.geometry.thickness;
257 md.initialization.vx=(md.results.TransientSolution(end).Vx);
258 md.initialization.vy=(md.results.TransientSolution(end).Vy);
259 md.results=[];

N. Schlegel — SeaRISE GrIS 27/32



I S S M W O R K S H O P 2 0 1 6 J P L

Introduction Mesh Parameterization Control Method Solution Transient Solution Plot Results Exercise Additional Exercises

Box Transient: 6/7
Transient Setup

Then, load the Box time series saved earlier in mat file: smbbox.mat:

Steps:
• interpolate every month of Box SMB onto the ISSM grid: insert a column for each

month

• add a final row indicating that the value should be set in the middle of each month

• solve at a monthly timestep and save monthly results
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Box Transient: 7/7
Monthly forcing

Load the monthly forcing. Run at monthly timestep. Save results every
month.

265 %Set surface mass balance
266 load smbbox
267 index = BamgTriangulate(x1(:),y1(:));
268
269 %Set years to run
270 years_of_simulation = 2003:2012;
271
272 %initialize surface mass balance matrix
273 smb = nan*ones(md.mesh.numberofvertices,length(years_of_simulation)*12);
274
275 %Interpolate and set surface mass balance
276 for year=years_of_simulation
277 for month=1:12
278 smb_mo = griddata(double(x1),double(y1),...
279 double(squeeze(smbbox(:,:,month,year-1839))),xi,yi,'nearest');
280 smb(:,(year-years_of_simulation(1))*12+month) = smb_mo;
281 end
282 end
283 md.smb.mass_balance = ...
284 [smb*12/1000*md.materials.rho_freshwater/md.materials.rho_ice; ...
285 [1/24:1/12:length(years_of_simulation)]];
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Plot Box:
Plot results

Next, plot a timeseries of total surface mass balance, max velocity, and ice
volume.

309 %Set years run
310 years_of_simulation = 2003:2012;
311 t = [years_of_simulation(1):1/12:years_of_simulation(end)+11/12];
312
313 %Line Plots
314 figure
315
316 %Plot surface mass balance
317 surfmb=[]; for i=1:length(t); surfmb=[surfmb ...
318 md.results.TransientSolution(i).TotalSmb]; end
319 subplot(3,1,1); plot(t,surfmb); title('Total Surface mass balance');
320
321 %Plot velocity
322 vel=[]; for i=1:length(t); vel=[vel md.results.TransientSolution(i).Vel]; end
323 subplot(3,1,2); plot(t,max(vel)); title('Max Velocity');
324
325 %Plot Volume
326 volume=[]; for i=1:length(t); volume=[volume ...

md.results.TransientSolution(i).IceVolume]; end
327 subplot(3,1,3); plot(t,volume); title('Ice Volume');
328 xlabel('years')
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Your results should look like:
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Transient run
Exercises

Extra Time? Try to something more complicated.

Addditional Suggested Exercises:

• Increase SMB instead of decrease over time
• Create an instantaneous step in SMB forcing at 10 years instead of a

steady change over time
• Create a more advanced SMB forcing, like cyclic steps or a curve
• Force SMB to change only in certain areas of the ice sheet
• Add more melt in the ablation zone, but more snow in upper elevations
• Force another field transiently (e.g. friction coefficient)
• Run the Box time series yearly or for a longer subset of time. NB: this

could take a while!
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