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Network analysis of sediment connectivity 
using geomorphological maps and digital elevation models

Tobias Heckmann, Catholic University of Eichstaett-Ingolstadt, Germany
CONNECTEUR working group 4 (connectivity indices)

Do you...
...want to join WG4 ?
...have data and maps you‘d like to share ?
...have comments or questions ?

Contact me !

tobias.heckmann@ku.de
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Cascading systems can be
described as graphs

If system behaviour is governed 
by the spatial conguration 
of its components, 
and if the structure of a geomorphic 
system (sediment cascades 
within a catchment) can be described 
using graph theoretical indices, 
then these indices should show 
a relationship with system behaviour

Graph theory 
provides tools
and indices 
to analyse 
the structure of
network-like
systems

System behaviour
is controlled by
system properties

Connectivity 
is one of these
relevant system
properties

Conceptual model of storage
types and geomorphic processes 
forming a cascading system.
This model represents an inter-
pretation of a detailed geomorpho-
logical map of the Reintal valley, 
Bavarian Alps (Schrott et al., 2003)

1 Underlying concepts and hypotheses

2 Preleminary studies, ongoing work, future projects

Graph model

Geomorphic system
(sediment cascade)

...structurally (by topology / spatial conguration)

...functionally (by activity of geomorphic processes)

sediment transport

edges

Landforms

Nodes

Landforms are coupled (or not) by sediment transport

Nodes are connected (or not) by edges...

Connectivity is both a driver of hydrological and geomorphic 
processes within a catchment and an emergent property of 
the latter, that is caused by these processes and their 
interaction. As a system property, it results from hydrological 
and geomorphic coupling between the components of the 
system. 
Connectivity has important implications for the functioning 
of a geomorphic system, and is therefore a key concept in 
geomorphology: 
* The way landforms are coupled effects the transfer of 
sediment from sources to the outlet; hillslope-channel 
coupling is one important reason why the sediment budget of a 
small catchment is different from the sum of the sediment 
budgets of its hillslopes. 
* Connectivity among spatial units is an important determinant 
of system dynamics (Peters and Havstad, 2006). 
* Changes in the coupling state of system components (i.e. 
changes in connectivity) may lead to changes in 
morphodynamics and sediment budgets that are largely 
independent of external forcings 
* Connectivity inuences the sensitivity of the catchment to 
change (actually the initial point for the development of the 
"geomorphic coupling" framework: Brunsden and Thornes, 
1979) through moderating the propagation of change in both 
upstream and downstream direction.

edge betweenness centrality

Gradental catchment, Upper Tauern, Austria
(geom. map by J. Götz and J. Buckel)

Fig. 3:
On the geomorphological 
map of the Gradental valley,
arrows link pairs of adjacent 
landforms that are coupled 
by the activity of (at least) 
one geomorphic process.

Legend

5 Start/end nodes of edges

Geomorphic coupling
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=> Geomorphological mapping (manual, 
semi/automated)
=> Mapping geomorphic coupling based on 
diagnostic features indicative of sediment 
transport OR modelling sediment pathways
=> Setup of graph model
=> Analysis of (i) nodes, (ii) edges, (iii) 
paths, (iv) graph structure
=> Comparison among study areas
=> Relation of indices and catchment 
properties

Proposal of a GT connectivity index: Ratio of 
functional connectivity (mapped/modelled 
actual sediment cascades) and structural 
connectivity (all landforms potentially 
coupled along toposequences <= DEM) 

A

„The general-purpose geomorphological map may be dead, 
but long live geomorphological maps! [...] 
With the abundance of data now available, 
[...] geomorphological mapping is more important 
than ever before.” (Evans, 2012)

Novel uses of geomorphological maps
and graph theory (GT) to analyse connectivity B

Raster DEM-based connectivity indices:
Comparison, evaluation, modication

Heckmann & Schwanghart (2013) employ 
spatial models for rockfall, slope-type debris 
ows, slope wash and the channel network 
to spatially delineate sediment trajectories. 
The trajectories form the edges of a graph 
that can be analysed, for example,
  on the node scale: characterisation and spatial 

pattern of sediment sources, links and sinks,
  with respect to neighbourhood size (i.e. the size of 

the contributing area of each node), and
  on the scale of paths (representing sediment 

cascades)
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 Collection and comparative evaluation of 
existing indices

 Requirements for new indices
=> denition(s) of „connectivity“ (WG1)
=> potential use for stakeholders (WG5)
=> eld data for calibration and validation
     (WG2)
=> Indices as input for vs. output of models
     (WG3)

 Index of connectivity (IC) by Borselli et al. 
(2008), Cavalli et al. (2012)
=> Dependence of IC on catchment size and 
other catchment properties
=> If so, is that a desired or a problematic 
property of IC ?
=> Modication of IC in order to reduce 
dependence on e.g. catchment size
=> „dynamic“ IC ?
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