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Mapping and monitoring of the abundance and composition of aquatic plants is 

important because of their role as river ecosystem engineers and as indicators of 

ecological stream health. Until recently monitoring activities required intensive 

fieldwork and generally achieved only limited spatial coverage. 

For some time now remote sensing techniques have proven an effective tool for 

terrestrial ecological mapping and monitoring. Applications of these techniques to 

rivers remain however limited, due to the insufficient spatial and spectral resolution 

of most image data. But, rapid developments in remote sensing sensors, platforms 

and image analysis techniques are about to change this. 

In particular the small, but very bio-diverse, chalk streams that are found in various 

parts of the UK are likely to benefit from recent developments in remote sensing. 

This poster presents results of an ongoing project that aims to develop remote 

sensing tools for the monitoring of submerged chalk stream macrophytes and to 

ultimately help improve our understanding of their community dynamics.
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Introduction Unmanned Aerial Systems (UAS)

Issues with air and space borne 

remote sensing systems

Conclusions

Ongoing research shows the potential of combining UAS and OBIA for the 

development of monitoring techniques for (submerged) aquatic vegetation.

 Low-altitude UAS-s overcome a range of issues experienced with airborne and 

space borne systems, though payload remains an important limitation.

 The advantage of OBIA to include features other than spectral values in 

remote sensing image analysis compensates to some extent for the low 

spectral resolution of currently available UAS-s.

 The advantages of both are particularly apparent for mapping and monitoring 

of chalk stream environments due to their limited depth and high water clarity.
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accurately and involve less logistical and financial limitations. See Fig. 3
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Three aspects of streams limit the possibilities of remote sensing applications:

1) The size of most rivers is too limited. Although good resolution can be achieved 

with digital aerial photography, imaging systems of higher spectral resolution are 

not (yet) capable of producing images with sufficient ground resolution. A recent 

NERC ARSF flight with a Specim Eagle hyperspectral sensor (Hill et al., 2009) 

resulted in 1m resolution data of limited quality. Atmospheric scattering for 

altitudes from which satellite/airborne images are taken introduces adjacency 

effects , i.e. ‘smearing’ of radiance values across several  pixels, particularly at 

the boundary between vegetation and water (Visser, in prep.). See Fig. 1

Object Based Image Analysis

Fig 2: Classification results of image from River Frome

A) Low-altitude true colour image of River Frome 

B) Results of an object-based classification, using 

developed rule set and VIS and NIR bands
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The remaining problem with the UAS is their limited payload and therefore their 

capacity to carry sensors of sufficient spectral resolution. Few UAS are currently 

fitted with multi-spectral sensors due to their weight and cost. For the chalk 

stream project so far an off-the-shelf NIR sensitive DSLR has been used from 

both a telescopic pole and a helium balloon/kite (Helikite) structure. Image data 

collected in this manner has shown promising results in mapping submerged 

vegetation (Visser and Wallis, 2010). Weather dependency and manoeuvrability 

were the main limitations for extensive data collection. This is expected to 

improve with the use of a Draganflyer mini-helicopter. See Fig. 3.
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2) The strong absorption of Near Infrared light (NIR) by water. In deeper water the 

spectral reflectance of wavelengths in the NIR and beyond rapidly diminish and 

become useless. Most chalk streams are however relatively shallow so some 

NIR is still reflected from the plant surface and can be used to distinguishing 

between macrophyte species (Visser and Smolar Svanut, 2009) See Fig. 2

Fig 3: Unmanned Aerial Systems employed at University of Worcester

A) Helikite platform with NIR sensitive Fujifilm IS-Pro DSLR

B) Draganflyer UAS with Panasonic Lumix LX3 Digital compact camera
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Fig 1: Unmanned Aerial Systems

A) False colour Specim Eagle hyperspectral image of River Frome

B) Cross section at x for depth and radiance at 748nm => adjacency effect outlined in yellow 

C) Deconvoluted image showing rippling/ringing of data parallel to river bank 
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Developments in image analysis techniques have made results less reliant on 

spectral resolution of the data. Instead features related to the geometry and 

texture of image objects can be included in image classification procedures 

when applying Object-Based Image Analysis (OBIA) software. In submerged 

environments where NIR response varies with water depth, inclusion of  

geometry and texture are likely to provide more robust classifications than those 

based on spectral information only (Visser and Wallis, 2009). The potential of 

using image texture variation resulting from differences in plant physiology was 

shown by Visser and Walling (2010). See Fig. 4 

3) Reduced transparency of water due to turbidity limits the applications of remote 

sensing in fluvial environments. In many streams this factor particularly prohibits 

application of optical remote sensing techniques. No solution has yet been found 

for this. The suspended load of chalk streams is however minimal, so turbidity is 

not a limiting factor.
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