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Figure 1: The tracking stability of the extrema of the for methods if
we stop at εmax = 10%.
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Figure 2: The tracking stability of the extrema of the for methods if
we stop at εmax = 15%.

We include further results that did not appear in the main text
due to the page limit. We experiment with the same four algorithms:
constrained edit distance de [8], the Wasserstein distance dw [6], the
branch mapping db [10] and path mapping dp [9] distances.

STABILITY WITH RESPECT TO NOISE

In the section, we show the results of the stability score with εmax =
5%. The results can be seen in Figure 1, Figure 2, and Figure 3.

EXTRA RESULTS ON REAL-WORLD DATA SET

We introduce information on the data sets used in this section, fol-
lowed by the results for each of them.
IonizationFront2D is a simulated 2D scalar field from 2008

SciVis Contest [11], The results capture the formation of the first
stars in the universe through density variations of the so-called
ionization front. We use the first 100 time steps for our experiment.
The split trees can be used to map the regions with similar density
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Figure 3: The tracking stability of the extrema of the for methods if
we stop at εmax = 20%.

as the shadow instability progresses.
Storms2D depicts a one-hourly mean sea level pressure over the

month of December 1999. This data set is available to download
at [4]. Similar to Köpp and Weinkauf [5], the mean over eight days
is computed and a light Gaussian smoothing is applied. This process
creates a time-dependent 2D scalar field with 743 time steps. The
structural changes in join trees over time provide insight into the
formation and evolution of storms.
Boussinesq2D is a simulation of a flow generated by a heated

cylinder [3] over 2001 time steps using Gerris flow solver [2]. It is a
time-dependent vector field and contains numerous small vortices
rotating around each other. Using the last 1000 time steps, we com-
pute and track the evolution of join trees of the velocity magnitude,
as their nodes associate with the vortex centers.
Cylinder3D originates from a simulation of 3D turbulent flow

around a half-cylinder. [1] with the Reynolds number of 640. It
contains 151 time steps. The split trees are employed to track the
temporal evolution of the local maxima and saddle points of the
velocity magnitude.
Tangaroa3D captures the 3D flow around a research vessel Tan-

garoa over 200 time steps [7]. Similar to Cylinder3D, we also
compute the magnitude of the velocity to obtain a scalar field for
each time step. We also track the evolution of split trees of resulted
from the velocity magnitude.

The three data sets Boussinesq2D, Cylinder3D, and
Tangaroa3D can be found at the Computer Graphics Labo-
ratory. The simplification thresholds for the data sets are:
IonizationFront2D at 5%, Storms2D at 1%, Boussinesq2D at
2%, both Cylinder3D and Tangaroa3D at 8%. We also provide
results for with more time steps of Cylinder2D.

Results using IonizationFront2D

The results of the experiments using IonizationFront2D are
shown from Figure 4 to Figure 7.
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Figure 4: Number of tracked nodes (colored and labeled) rel-
ative to the total nodes of merge trees (light blue bars) for
IonizationFront2D.
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Figure 5: Distributions of tracked nodes over the chosen time steps
of IonizationFront2D, divided by types: saddle (yellow) and
maxima (red).
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Figure 6: Histograms of the length of the tracking paths of the first
100 time steps of IonizationFront2D.
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Figure 7: Pairwise differences between the methods on the columns
in relation to the methods on the rows for IonizationFront2D.
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Figure 8: Number of tracked nodes (colored and labeled) relative to
the total nodes of merge trees (light blue bars) for Storms2D.

Results using Storms2D
The results of the experiments using Storms2D are shown from
Figure 8 to Figure 11.

Results using Boussinesq2D
The results of the experiments using Boussinesq2D are shown from
Figure 12 to Figure 15.

Results using Cylinder3D
The results of the experiments using Cylinder3D are shown from
Figure 16 to Figure 19.

Results with Tangaroa data set
The results of the experiments using Tangaroa3D are shown in
Figure 20 through Figure 23.

Extra results with Cylinder2D data set
More results of the experiments using Cylinder2D are shown in
Figure 24 through Figure 25.

REFERENCES

[1] I. Baeza Rojo and T. Günther. Vector field topology of time-dependent
flows in a steady reference frame. IEEE Trans. Vis. Comput. Graph.,
2019. 1

2



Online Submission ID: 1028

dw de db dp
0

5

10

15

20
N

um
be

ro
fT

ra
ck

ed
N

od
es

Figure 9: Distributions of tracked nodes of Storms2D, divided by
types: saddle (yellow) and minima (blue).
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Figure 10: Histograms of the length of the tracking paths of
Storms2D.
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Figure 11: Pairwise differences between the methods on the columns
in relation to the methods on the rows for Storms2D.

0 200 400 600 800 1000

Time Step

0

20

40

60

80

100

120

140

N
um

be
ro

fN
od

es
/T

ra
ck

ed
Pa

ir
s

dw

de

db

dp

Figure 12: Number of tracked nodes (colored and labeled) relative to
the total nodes of merge trees (light blue bars) for Boussinesq2D.
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Figure 13: Distributions of tracked nodes over the chosen time steps
of Boussinesq2D, divided by types: saddle (yellow) and minima
(blue).
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Figure 14: Histograms of the length of the tracking paths using the
last 1000 time steps of Boussinesq2D.
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Figure 15: Pairwise differences between the methods on the columns
in relation to the methods on the rows for Boussinesq2D.
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Figure 16: Number of tracked nodes (colored and labeled) relative
to the total nodes of merge trees (light blue bars) for Cylinder3D.
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Figure 17: Distributions of tracked nodes of Cylinder3D, divided
by types: saddle (yellow) and minima (blue).
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Figure 18: Histograms of the length of the tracking paths of
Cylinder3D.
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Figure 19: Pairwise differences between the methods on the columns
in relation to the methods on the rows for Cylinder3D.
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Figure 20: Number of tracked nodes (colored and labeled) relative
to the total nodes of merge trees (light blue bars) for Tangaroa3D.

4



Online Submission ID: 1028

dw de db dp

5

10

15

20

25

30

35

N
um

be
ro

fT
ra

ck
ed

N
od

es

Figure 21: Distributions of tracked nodes Tangaroa3D, divided by
types: saddle (yellow) and maxima (red).
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Figure 22: Histograms of the length of the tracking paths of
Tangaroa3D.
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Figure 23: Pairwise differences between the methods on the columns
in relation to the methods on the rows for Tangaroa3D.

0 200 400 600 800 1000

Time Step

0

10

20

30

40

50

60

N
um

be
ro

fN
od

es
/T

ra
ck

ed
Pa

ir
s

dw

de

db

dp

Figure 24: Number of tracked nodes (colored and labeled) relative
to the total nodes of merge trees (light blue bars) for Cylinder2D.
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Figure 25: Histograms of the length of the tracking paths of
Cylinder2D.
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