Geomorphometry.org/2011

Read

A Catchment Conflation Tool for Comparing DEM
Derived River Networks

Arthur M Read

CSIRO
Canberra, Australia
arthur.read@csiro.au

Abstract— This paper describes a tool for identifying topabgically
matched locations in vector stream networks extraed from
different DEMs of the same catchment. The tool haapplications in
providing quantitative comparisons of stream netwok position and
topological differences as well as providing a scable and robust
method for conflating stream networks to enable trasfer of
attribute information between networks. The tool isdemonstrated
using a case study in the upper Murrumbidgee Rivein Australia
showing how matching stream links are identified ad topological
differences identified.

INTRODUCTION

Stream networks and catchments are a common
important product derived from digital elevationdets (DEMS).
Different DEMs of the same spatial area will proeludifferent
realisations of the river network and catchmentse @mount of
difference in the derived network and catchmentsdeipend on
the different data sources, DEM processing metlaoison the
topography. For example the vertical resolution anduracy of
the DEM can have a strong impact on flow directiotow relief
terrain while horizontal resolution and accuracyeha stronger
impact in high relief terrain.

A comparison of the network and catchments frorfediht
sources is an important assessment of a DEMs gualil can
indicate the DEMs suitability for a particular page. Comparing
the networks spatially is difficult and most teaures rely on
measurement of distance between network featurégenWhe
drainage density is high relative to the differemtehe spatial
location of streams distance measures tend totliestcbmparing
streams from different parts of the network andstlunder-
estimating the positional error by ignoring thewaks topology.

A related issue is the conflation of vector stressgments to
enable the transfer of attribute data from onerrivetwork to
another representation of the same physical network method
that relates stream segments but ignores theitdgigal position
in the network can only work in simple cases arndrofeaves the
user with a manual checking and fixing process.
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Network comparison and network conflation are both
examples of the more general problem of identifying
corresponding features based on topological siityileather than
spatial proximity.

Previous Work

It is well established that different DEM sourceada
processing steps lead to differences in extracttdarks and
catchments. These differences can be identifiethially but
quantification is more difficult. Some researchlease indirectly
quantified network differences by investigating th#fect of
different DEMs on the output of a hydrological mbfdg. Others

arithve looked at the stream network more directlytziGlis and
Fried [2] used a Euclidean distance between streghs in the
raster networks being compared as the basis fortioek. Hengl
and Reuter [3] also compare the distance betweaearstlines
but on a vector stream network. Hengl et al [4] &mdsay [5]
compare a large number of stream network realisstiby
looking at the probability of any DEM cells bein@rp of a
stream network. This provides a measure of seitgitito
possible stream location error not a direct analg$iany pair of
networks.

While the measures used in previous work are ditl they
potentially under-estimate the differences in ttieasn networks
being compared. There are 2 key cases where thisazar:

1) When the density of the stream network being
analysed is high relative to the spatial errohm stream location,
measures of distance of collocation can end up eomyp very
different network features.

2) When the DEMs differ in ways that make the
networks topologically different such as a strebat flows down
different valleys in the different DEMs resulting ia very
different catchment structure for parts of the makwv
downstream.

These cases are important when using the networfkfiner
analysis and therefore it is important that a metfithe quality
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of stream location from a DEM is able to capturds th
information. These differences can be identifiesligily on close
inspection but an automated method would provigeatbility,
consistency and the ability to scale to large nétadf locations
in the stream networks could be matched using ipaswithin
the catchment structure, not just spatial proximityen this
would strengthen any analysis of error in streartsaeted from
DEMs.

METHOD

Catchment Conflation Method

The new work that this paper presents is a metlwd f

matching (conflating) features in 2 river networkad thus
allowing an improved and detailed understandinghofv and
where the 2 networks differ in terms of spatialalben and
topological connectivity. By identifying congruetdcations in
each network the tool is able to generate a lod&hfe that maps
feature to feature between the two networks.

Network locations are defined as congruent basedawn
closely their entire catchment polygons overlay tiafig.
Because this is performed by comparing the entatehenent
upstream of the network, location differences ia #hape and
position of the streamlines and watershed bounsldrave little
effect. The greater the catchments’ size the legzact small
watershed differences have. By using a catchmemipadson
the topology of the network is implicitly captureid the
comparison.

The tool has been developed using Python 2.7 46piand
makes use of a number of additional modules: GDALlfdr data
10, NetworkX [8] for network tracing, and Shape8} for vector
spatial overlay operations. The tool has been ewiih such a
way that computationally intensive parts are apblie parallel
using IPython [10] and could be easily adaptedth@oways of
running parallel code.

The tool takes two sets of vector stream lines aatdhment
polygons as input data. The generation of thesa fttte DEMs
can be performed in a variety of ways in many diffé GIS
packages. The user has the flexibility to use wigiedr method
they see as appropriate. A unique identifier litiies stream lines
to the catchment polygons in each realisation @ftwork.

One possible use of this tool is comparing a DENMvee
network with a digitised network. This is possilfléhe digitised
network is first enforced into a DEM (AGREE [11]iream
burning [12], ANUDEM [13]) to allow the extractiorof
catchments and ensure correct network structure. fobl is
capable of working with bifurcations in the netwsrk

The tool uses the following processing steps:
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Load data: The software reads in the two sets of
input data and builds two directed acyclic graphs
using NetworkX where each edge represents a
stream link and its local subcatchment.

Produce catchments: Each river network is then
traversed from the top of the graph (and river
network) to the bottom and for each edge
performing a geometric union of the local
subcatchment and the upstream catchments such that
each edge is attributed with a polygon that reprsse

its entire catchment

Search for congruent locations: For each

edge/catchment in one network (networkA) search
for the edge/catchment in the other network

(networkB) to find the catchment that is most

spatially similar i.e. both catchments have a high

proportion of their area intersected by the other
catchment. This produces a table of one to one
relationships between then downstream end of each
edge in networkA with the downstream end of an

edge in networkB and a measure of how well each
pair of points match.

Produce relationship tables: A conversion procgss i
then applied to the point relationship table tove

a table of relationships between stream lines and
another for catchments. These may have a one-to-
many relationship where the networks have different
densities. This step also produces a list idemtifyi
locations in the network where topological
inconsistencies exist.

The search for congruent locations (step 3) isptmt of the
process that determines the quality of the cowftalietween the
networks. It is also the most computationally isiga part of the
process. Key to this step is the search througtvarkB for a
match for each catchment in networkA. The area lof t
intersection alone is not sufficient to find a nieibg catchment.
Because of the nested nature of the catchmentslh ctchment
can be completely intersected by a much largerhoagot but
there is likely to be a better match further upstmewhere both
catchments intersect by a high percentage.

There are a number of ways to perform the seandugjn
networkB to find the best match. A brute force cangon with
all edges would work but would not scale well tgg&anetworks.
Another approach is to find one match at the outietthe
network and then step up the network using the diowam
result as a starting point. This works if the netmo are
topologically identical but becomes more difficitiithe networks
have even minor inconsistencies. This method s @iicult to
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apply in parallel as the downstream solution isiiesgl before an
edge can be processed.

The approach taken to the search is, for each ro&ichin
networkA, to start at the outlet of networkB andrkvapstream
only taking a single path that has the best mathis “best first”
search quickly leads to the matching catchment amids the
issues with the other approaches. Most importesghrches are
independent and can be applied in parallel.

The output from step 4 provides all the informatrequired
to transfer attribute data between the two netwoesl
investigate spatial and topological differencesween the
networks. The output of this tool is the basis flois spatial
analysis but further work is required to take th&pat and
perform the required analysis.

STUDY AREA

To demonstrate the tool a study of the upper Mubidgee
River catchment in Australia was performed. Thatfstream
network (networkA) used is the Australian Hydrokai
Geospatial Fabric [14] which for the purposes af thtudy
provides a vector stream network and catchmentshthze been
derived from the 9 second DEM of Australia [15]rn@tch the
1:250000 stream mapping. The second network (n&fyonas
been extracted from the 1 second DEM-S [16] whishai
processed version of the SRTM data [17]. A flowuswalation
threshold was used to extract the streams so lgainétwork
extents closely matched the 1:25000 stream mappihgse
networks have different stream densities which wilow a
demonstration of how the tool is able to deal \liis situation.

The methods used for the extraction of the netwérdm the
DEM are not important in this demonstration. Thel tds
independent of these steps and can in fact be tosexdderstand
the effect of different processing steps on thevast produced.

RESuULTS

The networks have 2352 and 39786 stream links ctisply.
Running on 2.27Ghz CPUs with the search step rigeiies the
whole process takes approx 3 hours 10 minutes. Wieesearch
process is run in parallel on 64 threads the totatime drops to
approximately 10 minutes.

The output relationship tables allow identifiersl attributes
to be moved between the networks. Fig 1 shows itiles lof
networkA randomly coloured and networkBs links coéx to
match. It is worth noting that each coloured linknietworkB is
actually made up of many links as it is a much rfinetwork.
One limitation of the method is that first orderesims in
networkA can only be identified for the first link networkB as
finding the correct path further upstream requia@supstream

25

Read

catchment conflation. A similar relationship canrbhade at the
sub catchment level as shown in Fig 2.

The tool outputs statistics of catchment area &edarea of
the intersection of the catchments for each cadlqtair. Using
these values we can quantitatively assess the atiomfl result.
One useful statistic is a ratio of catchment irgetion area to
catchment union area. Fig 3 shows the distributibthis ratio
against catchment area. The larger catchmentseoftin river
channel have a much higher ratio of area intersgctind
therefore confidence in the conflation result. Tibever ratio
values tend to be first order channels and whietdlol has found

1
Figure 1. Randomly coloured stream links showingfledion of
reaches between the two networks.
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Figure 2. networkB sub catchments coloured in gsdopgepresent

conflation to networkA sub catchments (shown a& datlines).
NetworkB streams shown in light grey.
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the best possible match the source DEMs diffeutih &2 degree
that the small catchments are not very similacasbe seen in
Figure 2. This leads to the possibility of usitgde results to
assess the DEMs relative ability to represent cagcts at
different scales. The few catchments with unusulaly values
highlight locations of significant topological diffences in the
stream networks.

DISCUSSION

This method presents a conceptual improvement otregr
measures used to quantify differences in the quafia DEM’s
representation of a stream network and catchmertss is
achieved by matching locations on both stream nddsvbased
on their position within the catchment rather thepatial
proximity. The measures of catchment overlap arfterénce
capture both spatial and topological similarityvietn the two
networks.

This conflation of the networks allows for comparisand
analysis of any non-spatial attributes of the neka@r attributes
derived from the spatial structure of the netwarll aatchments.

The conflation also produces an analysis of topoldg
inconsistencies between the networks as well asiging a
topologically sound platform for developing anatgli method
for comparing the hydrologic properties of two DEMs
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Figure 3. Distribution of the ratio of intersectiarea to union area against
catchment area for each pair of conflated catchsnent
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