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Therefore, the aim of this study is to present the piping
dynamics in different way – by visualizing the morphometric
changes in a piping system using high resolution elevation model
(0.25 m) and GIS analysis. The detailed objectives are: (1) to
present the selected piping system in different maps to extract the
information of its position in a slope-valley system; (2) to
analyze the elevation data using terrain analysis indexes (positive
and negative openness index); (3) to present the vertical
differences in the ground level within the piping system in 20132014.

Abstract— This paper presents the morphometric changes in a
selected piping system in the Tyskowa catchment in the Bieszczady
Mts. (Eastern Carpathians) in Poland. The detailed geodesic
measurements were made twice a year – in spring and in autumn –
in 2013-2014. The Topcon Hiper II (base and rover) with the FC250 field controller were used. The high resolution elevation model
and additional maps were prepared using ArcGIS 10.2 software
with ArcScene for 3D visualization. The positive and negative
openness index were calculated in Saga GIS 2.1.4 software. The
morphometric changes were calculated using Algebra map in
ArcGIS 10.2. The different ways of the piping system visualization
allow emphasizing the position of pipes in the slope-valley system.
The concavity above the existing gully with the surface traces of
pipe collapsing indicate the influence of piping in the gully
formation and in its future development. The morphometric
changes in the piping system enables to present erosion and
accumulation zone within the piping system.

II.

STUDY AREA

A. Tyskowa catchment
The analyzed piping system is located in the Tyskowa
catchment in the Polish Bieszczady Mts., which are part of the
Eastern Carpathians (Fig. 1). The Bieszczady Mts. are mainly
formed of the Carpathian Flysch characterized by thick-bedded
sandstones alternating with shales, where on the slopes
developed silty-clay cover beds. It is a mid-mountain region, with
altitudes ranging from 573 m to 894 m a.s.l. on the highest point.
The climate is temperate with a mean annual temperature ranges
from 4.0°C to 5.0°C [11] and a mean annual precipitation of
1000-1300 mm [12].

I.
INTRODUCTION
Piping is a subsurface process which leads to the formation of
underground channels (pipes) by concentrated flowing water [1],
[2]. From geomorphological point of view, the role of piping may
be crucial, because the pipe collapse can result in the formation
of discontinuous gully, and after regular gully. Therefore, the
question about morphometric changes in a piping system thus
dynamics of its possible development into gullies is worth of
research.
Most research on piping is dedicated to the role of piping in
relief development [3], particularly gully development (e.g. [4],
[5]) and the factors controlling pipes development (e.g. [6], [7],
[8]). The piping dynamics is considered mostly in terms of the
soil erosion rates (e.g. [9], [10]).
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B. Piping system
Piping system is a complex of piping forms, which are
associated with one or more combined pipes [13], [14], [15].
The studied piping system constitutes of 4 sinkholes and 3
blind (discontinuous) gullies. It is located in the upper part of
the catchment, on the slope of W aspect and average gradient
of 10° to 15°. The majority of piping system is developed in
grassland and the pipe outlet is in the forest in the channel
head of the gully.
III.

MATERIALS AND METHODS

The elevation data were collected in the field using the
Topcon Hiper II (base and rover) with the FC-250 field
controller. The detailed geodesic measurements were made twice
a year – in spring (early April, after snow melting) and in
autumn (late October – early November, after summer rainfalls,
before snowfalls) in 2013-2014. The individual surface piping
forms were additionally measured with a measuring tape.
The digital elevation model (DEM) and additional maps of
0.25 m resolution were prepared using ArcGIS 10.2 software
with ArcScene for 3D visualization. The positive and negative
openness index were calculated in Saga GIS 2.1.4 software. The
morphometric changes were calculated using Algebra map in
ArcGIS 10.2. According to the observer error (estimating 0.05
m), the root mean squared error (RMSE) was calculated (RMSE
= 0.07 m).

Figure 1. Location of study area with the 3D image of analyzed piping system.

Figure 2. The different way of visualizing elevation data of the piping system.
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IV.

RESULTS

places of concavities, but also emphasizes abandoned
agricultural terraces (perpendicular to the system). The negative
openness index reflects also the flat bottom of the blind
(discontinuous) gullies (Fig. 2).

The depth of sinkholes in the study area ranges from 0.50 to
1.00 m, which is also the depth at which pipes developed, since
the bottom of a sinkhole is the bottom of a pipe. The blind
(discontinuous) gully reaches maximum 1.50 m of the depth,
11.25 m long and 1.50 m wide in the maximum point.

The visualization of morphometric changes in the piping
system allows to distinguish areas where prevails erosion and
accumulation within the collapsed pipe(s). In the upper part of
the piping system dominates accumulation, because of the blind
gully and sinkhole walls failure. In the lower part, the erosion
area in the pipe inlet is noticed. This may indicate the linkage of
side pipe to the principal pipe (E-W direction). It requires further
research, for instance geophysical investigations which can
present the subsurface network of pipes.(Fig. 3).

The piping system can be visualized by distinguishing the
surface traces of collapsed pipes (sinkholes, blind gully etc.). It
can be done by creating the contour map with appropriate
contour interval (Fig. 2). To extract the concavity of these piping
forms in DEM is helpful to use a hillshade effect or 3D images
(Fig. 1, 2). The positive and negative openness index marks the

Figure 3. The morphometric changes in the piping system in 2013-2014.
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V.

[6]

CONCLUSIONS

In recent years piping is increasingly considering as one of
the geomorphological processes that impacts the relief. This
paper presents the different ways of visualizing piping system to
emphasize its position in a slope-valley system. On the one
hand, the noticeable concavity above the existing gully with the
surface traces of pipe collapsing indicate the influence of piping
in the gully formation and in its future development. On the
other hand, the dominance of accumulation zones underlines that
these piping forms are ephemeral and after collapsing they will
be filled in. However, the seasonal variation shows that the
erosion occurs mainly in winter time (snow melting) – according
to comparison of spring measurements, and accumulation
prevails in summer time (summer rainfalls are not enough to
create morphological effective flow in the piping system). It can
be also a result of the vegetation cover, which is quite dense
even in the end of autumn, so the field measurements can be
disturbed.

[7]

[8]

[9]

[10]

[11]

[12]

Moreover, the openness and closeness indexes are
appropriate and useful to visualize and identify the places where
piping occurs.

[13]

This paper presents the preliminary results and conclusions,
which need to be continued and expanded.
[14]
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