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1 Introduction

The evolution of the channel network of braided rivers is an important topic in geomorphology.
The merges and splits of braided river channels evolve over time under the influence of water
pressure and sediment transport. Kleinhans et al. [6] recently presented algorithms to extract
a (static) network of significant channels from the elevation data of a river bed; this method
is already used in geomorphological studies [5, 8]. The challenge is to identify significant
channels from the river bed, since measurement errors and small variations in the terrain
generally cause a multitude of possible channels. Two channels can be considered similar if
the volume of terrain between the channels is small, modelling the fact that a small volume of
sediment can easily be eroded by water flow, merging the two channels into one. A network
of significant channels consists of channels which are sufficiently dissimilar.

To analyze the evolution of significant channels over time we could kinetically maintain
the network of significant channels computed by the method of Kleinhans et al. [6]. However,
these networks are not stable over time and also prohibitively expensive to compute. We
hence propose a simplified model which uses a volume-simplified terrain. Specifically, we
prune topological features of the terrain (minima and maxima) that can be eliminated by
removing only a small amount of volume. The idea is that the remaining topological features
separate significant channels.

Pruning of the terrain based on the volume of the removed features resembles terrain
simplification based on (height) persistence. The notion of topological persistence was
introduced by Edelsbrunner et al. [4]. Persistence can be defined via measures other than
the vertical distance between points. Carr et al. [3] describe a method to simplify contour
trees (which capture the topological structure of a terrain) using so-called local geometric
measures, such as (in 2D terrains) the line length of the contour, the area enclosed by the
contour, or the volume of the enclosed region. This last type of persistence is exactly the
one we use in this paper and we therefore refer to our simplified terrain as volume-persistent.

Our goal is to maintain a volume-persistent terrain over time, which is closely related to
maintaining its topological structure over time, as represented, for example, by its contour
tree or its split tree. Agarwal et al. [1] show how to maintain a 2D contour tree kinetically.
They also argue that they can maintain height persistence over time. However, maintaining
volume-persistence is much more challenging, because we have to detect the events that
occur when a pruned part of the terrain attains a certain threshold volume. The complexity
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Figure 1 Pruning a terrain at the height of a saddle point v (split tree shown next to the terrain).

of the associated certificates can be high, since the volumes can be determined by linearly
many vertices. Furthermore, the volume above a particular contour in the terrain is not
continuous: when two contours merge the associated volumes are summed, whereas the
associated height is simply the maximum of the two heights. Hence the volume-based pruning
can be “stuck” at a critical point (see Fig. 1: pruning just below the saddle point requires a
much higher volume-threshold than pruning exactly at the saddle point). Since these issues
already manifest themselves for 1D terrains, we restrict ourselves to this setting.

Preliminaries. Let T be a 1D terrain with n vertices, of which each vertex v has a fixed
x-coordinate xv and height hv that changes linearly over time according to a known flight
plan: hv(t) = av t+ bv. Between vertices, the height is interpolated linearly; h(x, t) denotes
the height of T at x on time t. At time t, the superlevel set of T at height h is the set of
points in T with h(x, t) ≥ h. A superlevel set may consist of several connected components.
For h = −∞, the superlevel set spans the entire terrain. If we continuously increase h, at
certain moments topological changes happen to the superlevel set. The split tree S of T
represents those changes: a component splitting is represented by an internal vertex, and
a component disappearing is represented by a leaf [2] (see Fig. 2a). We consider S to be
rooted at the vertex at h = −∞, so every edge is directed upwards. Let e = (u, v) be a split
tree edge. Then the parent edge p(e) of e is the incoming edge of u, and the child edges of e
are the outgoing edges of v. The subtree rooted at e is the subtree rooted at v, plus e itself.

To prune the terrain we cut off a single split component at a particular height h (see
Fig. 2b). We can equivalently view this operation as pruning the split tree: we identify some
point on an edge of the split tree, and remove the entire subtree above it. If we prune at the
height of a minimum v, then we need to specify which of the outgoing edges of v we want to
prune. We define A(e, h) as the area of terrain that is cut off if we prune edge e at height h.
Let A ∈ R be some (fixed) positive area threshold. We define the area-persistent terrain
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Figure 2 Area-simplifying a 1D terrain: (a) before, and (b) after.
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