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1. Introduction
Modelling and monitoring of aquatic habitats crucially relies on the availability of a precise 
description of the river bed. While traditional, profile-oriented techniques for capturing 
fluvial topography like tachymetry or echo sounding lack the necessary homogeneity and 
data density, airborne laser bathymetry (ALB) – also referred to as airborne laser 
hydrography – is an emerging acquisition method for shallow water areas (Steinbacher and 
Pfennigbauer, 2010). ALB was long restricted to coastal applications (Irish and White, 1998). 
The sensors were especially designed for maximum penetration depth (~50 m) and, therefore, 
use high pulse energy and a large laser footprint of several meters, the latter resulting in a 
coarse point spacing of 2-5 m (Guenther et al., 2000). New topo-bathymetric sensors, in turn, 
especially focus on capturing riverine inland waters and the surrounding floodplain area with 
high sampling density (10-50 points /m2) and good height/depth accuracy in the range of 
10 cm (Pfennigbauer et al., 2010)

In this article we show the annual river bed changes of a near-natural, meandering 
section of the River Pielach (Neubacher Au, Lower Austria, c.f. Figure 1), their impact on the 
hydro-morphological units (riffle, pool, backwater…), and the consequences for selected fish 
species.

2. Study area
The River Pielach is a gravel river situated in the Lower Austrian Alpine foreland. After a 
70 km run with a source-to-outlet height difference of 775 m the River Pielach discharges 
into the River Danube near Melk. The total catchment area adds up to 950 km2. It is an 
important retreat area for several fish and bird species like n, barbel, and river kingfisher.
(Melcher and Schmutz, 2010). The Neubaucher Au, located at the lower course of the River 
Pielach between Loosdorf and Melk, is part of the Natrua2000 conservation area 
Niederösterreichische Alpenvorlandflüsse (Area code: AT1219000) featuring many different 
habitat types. The list of occurring Fauna-Flora-Habitat (FFH) codes contain: 3260 (Water 
courses of plain to montane levels), 6430 (Hydrophilous tall herb fringe communities), 6510 
(Lowland hay meadows), and 91E0/91F0 (Alluvial forests). 

3. Data capturing and data processing
The study area was repetitively captured in April, May and October 2013 with the Riegl VQ-
820-G topo-bathymetry laser scanner mounted on a Diamond DA42 light aircraft. In June 
2013 an annual flood peak (HQ1) occurred which led to a major change of the riverbed 
topography (reloading of gravel bars) resulting in a change of the hydro-morphological units.
Data acquisition was carried out at a flight height of 600 m above ground with a pulse 
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repetition rate of 510 kHz (effective measurement rate 200 kHz). This yielded a dense point 
cloud with a mean point spacing of 20 cm (i.e. point density: 25 points/m2, c.f. Figure 2).

Figure 1: Study area Neubacher Au, River Pielach, Lower Austria; (a) Overview map, River 
Pielach and location of study area; (b) Digital orthophoto of Neubacher Au; (c) Digital 
surface model of relevant flight block section, superposition of hill shading and z-coloring 
overlaid with additional vector data (flight strips, pond and river test area outlines, coarse 
river outline; (d) and (e) terrestrial photos of meandering river section taken on May 24, 2013

The short laser pulses in combination with online waveform processing allows mapping of 
extremely shallow areas (water depth < 30 cm). These areas are especially important for 
juvenile stages of target fish species. Water depths up to 2 m (i.e. 1 Secchi depth) could be 
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measured and, thus, the predominant part of the Pielach channel could be fully captured in all 
three epochs (c.f. Figure 3). Processing of the laser data (geo-referencing of flight strips, 
quality control, water surface detection, range and refraction correction, and classification of 
the laser echoes in: ground, vegetation, water surface, river bed) finally resulted in a Digital 
Terrain Model of the Watercourse (DTM-W). The regular 0.5 m DTM-W grid, containing the 
riparian overbank areas and the river bed, was thinned out and a TIN model was derived 
constituting the geometry basis for the subsequent hydrodynamic-numerical (HN) modelling
(Mandlburger et al., 2009).

Figure 2: Topo-bathymetric laser point cloud colored by signal reflectance (red=high, blue= 
low reflectance), and relevant FFH codes 

4. Habitat modelling
Based on a two-dimensional depth-averaged numerical model (Nujic, 1999) the abiotic 
characteristics (flow velocity, water depth and bottom shear stress) of the river Pielach were 
simulated and analyzed for all three epochs and for three characteristic discharges (low flow, 
mean flow and the magnitude of an annual flood event) each. Considering the variability in 
discharge dependent changes of flow variables, a meso-habitat evaluation approach (MEM) 
was selected to determine the impact of morphological changes on the habitat distribution
(Hauer et al., 2009). The MEM approach enables a differentiation of six hydro-morphological 
units, namely (1) riffle-, (2) fast run-, (3) run-, (4) pool-, (5) backwater-, and (6) shallow 
water-habitats. Moreover, habitat suitabilities (spawning, juvenile life stage) on the micro-
unit scale have been calculated for target species (Chondrostoma nasus).

It could be proofed by habitat modeling based on the topo-bathymetric LiDAR point cloud
that all six types of hydro-morphological units were present for the studied discharge range in 
all captured epochs (c.f. Figure 4). This is an indicator for the quality of the investigated site 
as a natural self-forming river reach. The impact of an annual flood event in June exhibited 
no significant overall quantitative habitat changes but changes in the spatial distribution could 
be recorded based on downstream migration of gravel bars (c.f. Figure 5).
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Figure 3: Documentation of annual river bed changes based on the point clouds of a selected 
cross section captured in April/May/October 2013 (steep bank, side/main channels, gravel 
bar, gravel bank, dry secondary channel, and vegetation). Note the disappearance of the side 
channel – an important backwater area for juvenile fish stages – from April to October.
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Figure 4: Variability in hydro-morphological units for mean flow (6.52 m3s-1) (a) and mean 
annual flood (121 m3s-1) (b). 

Figure 5: Distribution of hydro-morphological units for mean flow (6.52 m3s-1) for April (a), 
May (b), and October (c). 

(a) (b) (c)

(a) (b)

Page 33



Using the microhabitat analysis of target fish species nase it could be shown that for both 
investigated life stages, spawning and juvenile, suitable habitats are available for the studied
range of low flow and mean flow discharges. In addition, a comparison of the applied meso-
and micro-habitat modeling exhibited a strong correlation between spawning suitabilities and 
riffles as well as habitat for the juvenile stages and shallow water mesohabitat type. 

5. Conclusions
It could be demonstrated that Airborne Laser Bathymetry is a suitable tool for quantifying 
and monitoring the variability and dynamics of aquatic habitats. One of the major advantages 
of ALB compared to traditional capturing techniques like tachymetry and/or boat based echo 
sounding is that the study sites are remotely sensed. This is of crucial importance on the one 
hand for mapping conservation areas, where access is often restricted, but on the other hand 
for deriving a high quality database for river authorities. The availability of such a detailed 
description of the fluvial topography enables to address, both, the aims of European Water 
Framework Directive (EU, 2000) and the European Floods Directive (EU, 2007).
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