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Abstract. The aim of this study is to investigate and adapt existing methods for the identification of ditch
connections and culverts using LiDAR (Light detection and ranging) data. The research area is located in
Daugavpils region, Kalupe parish and covers area of 25 km”. Two methods are used, the first one is based on a
ditch network analysis previously obtained from LiDAR data and the second is based on digital elevation model
(DEM) processing. The first method correctly identified 37 % of the culverts, as well as other possible ditch
connections. The second method by its working principle is difficult to apply to the specific objective in the
conditions of Latvia, but it is possible to supplement the first method. A combination of both methods identified
47 % of the ditches in the pilot area. Raster histograms are used to estimate efficiency of both methods. It has
been concluded that these methods can be used with some caution in Latvia conditions for DEM correction
before modelling and can make significant difference in surface flow, but there are still a number of challenges
to do so automatically and correctly.
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Introduction

Previous studies have been done to improve the GIS algorithms used in DEM processing to
remove and smooth human-made elevations [1; 2]. The purpose of such algorithms is to provide
continuity of water flow in the terrain model to estimate soil moisture conditions in the area [3; 4].
Different tools have been developed to fill depressions, thereby eliminating the dam effect due to
elevation, as well as tools to prevent depression by automatically getting rid of the disturbance in the
model [4; 5]. Such automated tools, according to their developers and researchers who have used
them, are unable to determine the correct places to get rid of elevation, and to correct terrain patterns
in places where there are no human-made elevations, thus creating a misleading picture of the real
situation [6; 7].

Previous studies on the identification of culverts in the digital elevation model have begun
relatively recently [8; 9]. Prior to this, in studies that have identified ditch network, the need to identify
culverts has only fit into future plans [10-12]. The ability to determine the flow direction from the start
to the end of a ditch is an important factor in the identification of culverts. In the Netherlands [9],
several other approaches were used to determine the direction of flow at ditch ends. For example, each
individual section of a ditch can only be connected to one of the nearby end sections, only sections
with a defined maximum height difference can connect, and the connection cannot cross other existing
sections of the ditch. Such conditions avoid a variety of interferences when connecting ditches and
combine only ditches in the vicinity and flowing in one direction. The obtained ditch connection
points were tested by field measurements. Of the 68 culverts obtained by modelling, only 23 were
found [9]. However, it should be noted that in this study ditch connections were searched within a
radius of 100 m, thus creating a relatively high number of false connections.

Using existing methods for processing LiDAR data, researchers typically manually modify the
terrain model to ensure the hydrological integrity of the data. It can produce good results, but is a very
laborious process. Until recently, the potential of using a breaching algorithm to improve hydrological
modelling capabilities on agricultural lands was exploited by German researchers [13] without the use
of additional data sources and without significant manual manipulation.

Materials and methods

The study area is located in Latvia, Daugavpils region, Kalupe parish, and is 25 km” large (Fig 1).
It is dominated by glaciolacustrine and bog sediments, which in turn are predominantly wet, drained
mineral and organic soils. Considering the prevailing forest types and the Quaternary sediments on
which they are located, it can be concluded that an assessment of the feasibility of modelling the
location of drainage systems, its condition and moisture conditions in the area is essential.
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- Study area

Fig. 1. Location of study area

The LiDAR data required for the development of the digital elevation model (DEM) were
obtained from the Latvian Geospatial Information Agency (LGIA). The LiDAR data used have a
vertical accuracy of 12 cm and a horizontal accuracy of 36 cm (2 sigmas with 95 % confidence in the
National Geodetic Network). The minimum requirements for point density are 4 p-m™ and the average
ground point density is 1.5 p-m™ [14]. In this study two principles of DEM correction are tested. The
first method has been developed in the framework of this work, which uses an automatically generated
ditch network to identify culverts, where the vector data correspond to the ditch bed in the digital
elevation model. The data must conform to the terrain model used to make the necessary corrections to
the DEM in subsequent data processing steps and in hydrological modelling. The pre-existing ditch
network is essential to identify the possible locations of the ditches using this method. In the first stage
of data processing, ditch elements were found, which were located up to 20 m apart, searching at an
angle of 120° using ArcGIS extension ArcScan environment. This approach makes it possible to
identify possible locations for culverts in the case of a road crossing a ditch with a roadside ditch. This
method does not identify culverts in situations, where ditches are placed parallel to one another and
are incapable of intersecting at a given distance (Fig. 2). The resulting culvert data can be used to
modify the terrain model using tools such as Burn Streams at Roads in Whitebox GAT, which also
requires vector data about roads that are crossing ditches. Modification of the model to the required
locations is also possible using the GRASS GIS r.carve tool [15].
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Fig. 2. Example of culvert identifying process
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The second method is based on automatic processing of the digital elevation model using
algorithms [13; 16] in Whitebox GAT software such as Breach Depressions. This algorithm looks for
the flow lines in the terrain model and automatically performs elevation decrement on the road, similar
to Burn streams at roads (Fig. 3). For this algorithm, it is possible to set the minimum and maximum
absolute descent values at which intervals the elevation is to be decreased. It should be noted that this
tool has been developed in Canada [16], in more steep terrain, where natural flow lines are also more
definite and use of this tool is limited in flat terrain.

Ditch

Automated elevation decrement in
culvert location

Fig. 3. Examples of located culverts using Breach Depressions algorithm

Breach depressions algorithm is used in DEM horizontal resolutions of 0.5 m, 1 m and 2 m,
assuming that man-made artefacts in elevation model (road and rail embankments, bridges) are
definitely wider than two meters. To compare and analyze the data sets, an error matrix of 5 m and 10
m in the buffer around the JSC Latvian State Forests database culverts, as well as culvert location data
obtained from field surveys, was used. Estimation of used method efficiency is done using raster
histogram to compare unwanted surface depression distributions which are formed as a result of
unadjusted DEM in culvert locations.

Results and discussion

Using the first method, we identified 47 ditch connections that could correspond to culverts.
Compared to the JSC Latvian State Forests database, there are 38 culverts in this area, which are
mapped. To compare the obtained data with the database and the situation in the field, coordinates of
culvert locations were collected during fieldworks. The survey of the culverts from the database in the
pilot area found 23 of the 25 objects, or 92 %. Estimating the accuracy of the obtained data, it is
concluded that out of the 47 automatically identified culverts within a 5 m radius of the database
culverts, there are 14 culverts, which in this case is 30 % of the total number of identified connection
points and 37 % of those in the database.

According to Fig. 4, the area of depressions, specified in logarithmic scale raster cell count, using
both DEM correcting methods can be decreased significantly, but still it is the smallest part, according
to the reference histogram. These depressions, with depth about maximum 1.4 meters are not related
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with ditch network, because in this case, in all culvert locations elevation decrements are made. Our
used methods have decreased area of these false depressions till depth of about 2.5 m.
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Fig. 4. Histogram of surface depression distribution depending on method applied

Using the Breach Depressions algorithm, DEM resolution is 1 m and 2 m. In this resolution, the
model does not produce many small outcrops, in the size of some raster cells, compared to a resolution
of 0.5 m, thus speeding up the tool. Testing the suitability of this tool in the pilot area confirmed its
developers view that its performance is limited in flat terrain. Breach Depressions tool encountered
problems with identifying culverts in areas without definite flow lines and making corrections in areas,
where drainage is disturbed and not associated with ditches and paths, which can be a useful feature in
further research. In this way, corrections to the DEM have been made at 12 locations that coincide
with the locations of the culverts in the database. The total number of automatic adjustments and their
significance is difficult to determine. Of these 12 culverts, 4 are those that failed to be identified by the
first method using ditch network data, meaning that 47 % of the culverts that match the database have
been identified by applying both methods to the pilot area.

Identification of culverts was previously performed by the Belgian research team [8], where the
location of approximately 30 % of culverts was identified in the selected area. This study is not
comparable to ours, because both studies have different approaches and different physical conditions
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in the study area. Account should also be taken of important factors, such as the maximum length of
the culvert set up to 100 m in the study and the area selected. In our case, there is one study area in
forest, which covers an area of 2500 ha, compared with 150 ha in the Belgian study and maximum
culvert length set to 25 m.

Conclusions

1. The study concludes that automatic identification of culvert locations using a digital elevation
model and various GIS-based tools is feasible, but still faces many challenges to provide
sufficient accuracy.

2. Accuracy of the method can be improved, by using current knowledge, if several methods are
combined to identify connections.

3. The method, which is based on the analysis of the ditch network derived from LiDAR data, is
perspective, but its accuracy needs to be improved. Existing algorithms, such as Breach
Depressions, are applicable to Latvian conditions with some caution, clearly defining the
expected result and what the revised DEM is intended to.

4. False surface depression area can be decreased significantly using these both automated DEM
correction methods.

5. Using the current study results in the adjustment of DEM before hydrological modelling may
inevitably require manual adjustments to it, given that less than half of the culverts have been
identified. The method for identifying culverts is applicable in Latvian conditions to find culverts
in cases, where a ditch is crossed by a road or a roadside ditch has an exit to field or forest.

6. This method does not identify culverts in situations, where ditches are placed parallel to one
another and are incapable of intersecting at a given distance. This method needs to be refined, and
further research on creek identification needs to be undertaken to collect more field data.
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