A LINK BETWEEN MULTISPECTRAL REMOTE SENSING, IMAGE PROCESSING AND ECOLOGICAL ANALYSIS OF LANDSCAPE ELEMENTS

MARTIN KOLLEWE, HARTWIG SPITZER

Universität Hamburg, II. Institut für Experimentalphysik Mail adress: FB Informatik / KOGS, Vogt-Kölln-Str. 30, 22527 Hamburg, FRG Phone: ++ 49 40 54715 601, Facs.: ++ 49 40 54715 572 E-mail: kollewe@informatik.uni-hamburg.de

Abstract – For the purpose of combining the concepts of multispectral remote sensing, image processing and landscape ecology overflights over an area near the city of Nürnberg (FRG) have been made. To account for the small scales under consideration in landscape ecology (extensions of ecotopes and ecotones of minimal a few 10cm) the Daedalus AADS 1268 airborne scanner has been used providing high spatial resolution (70cm at flight hight 300m) and 11 spectral channels. In addition, high resolution aerial photographs and data of ecological evaluations of the experimental area are available.

By edge detection on the vegetation index image several ecotones (of different stands of wood) could be seperated. The fractal dimensions of two edges of an oak stand are computed. The fractal dimension of a man made wood edge is lower than the fractal dimension of an edge of the same stand but resulting obviously from a storm damage, making the latter more valuable in a landscape-ecological sense.

INTRODUCTION

The influence of man on the environment is large and increases rapidly. This development calls for forming human activities in a way which ensures the viability and sustainability of landscapes. Methods of ’ecological stock-taking’ of the landscape are needed to produce data-bases for such measures. This can not only be done by means of ground truth measurements due to the big areas to be considered. Here contributions from remote sensing techniques and computerized (and as a long-term goal automized) image processing are presented. With this study we try to merge methods of multispectral airborne remote sensing, image processing and landscape ecology for the above mentioned purposes.

The most important and meaningful scale in landscape ecology is the dimension of the topes (also patches). A tope is defined as a spatial region with homogeneous content and function [4] (i.e. ecotope). Accordingly, the concept of the transition zones between ecotopes, the ecotones, plays also an very important role in landscape ecology. Besides the control of diffusion processes of energy and matter, ecotones also influence the transport by turbulence, the transport of information and the locomotion of individuals. In addition, ecotones can be the only habitat for certain species. Thus, the density of ecotones, as representants for gradients in a landscape, can be an indicator for viability [2].

To consider that, we put emphasis on the investigation of ecotones. Extensions of ecotopes and ecotones in landscapes generally reach from the 10cm to the 10m domain. However, until recently commercial satellite remote sensing has only provided spatial resolutions down to 10m (panchromatic, i.e. SPOT) or 20m (three spectral channels). The use of airborne photography, as a means of high spatial resolution, is restricted to at most three spectral channels. We concentrate therefore on using a digital multispectral airborne remote sensing instrument providing a spatial resolution of a few 10cm with 11 spectral channels.

MEASUREMENTS

According to the multidisciplinary character of this study the data set consists of two parts:

1) Multispectral images of the landscape were taken with a Daedalus AADS 1268 airborne scanner, operated by the Deutsche Forschungsanstalt für Luft- und Raumfahrt (DLR). It was installed downlooking in a DO 228 aircraft. The scanner measures the radiance in ten channels covering the solar spectrum (total range 0.42 – 2.35μm with bandwidths between 30 and 270nm) and in one channel placed in the thermal infrared (10.5μm with a bandwidth of 4.5μm). Until now, three overflight campaigns have been performed near the city of Nürnberg (FRG) (Aug. 21. 1991, Apr. 22.1992 and Oct. 18. 1994) with flight altitudes 300m 900m and 1800m, the first one resulting in a ground pixel size (= spatial resolution) of 0.7m. The swath

Fig. 1: Image of the Daedalus AADS 1268 airborne scanner, taken Aug. 21. 1991. A detail of the landscape south of the airport of Nürnberg (FRG) is shown in channel Daedalus 3 (0.52�0.60μm = T M channel 2, contrast enhanced). A small lake can be seen adjacent to a forest stand.

Fig. 2: A map showing a valuation of the ecological status of the area south to the airport of Nürnberg (detail of the entire map). The image of Fig. 1 can be located in this map. The circles reproduce the total ecological value of single landscape elements [7]. The scale reaches from ’1: very good’ (filled circles) to ’5: very bad’ (non filled circles).

is �42.3^ffi. In this work, dedicated to vegetation, we will con-

centrate on data of the Aug. 1991 campaign. Since our study points to the scales of the tope-dimension [4] we have selected an image with the highest spatial resolution available, i.e. we use the 300m flight hight images. Fig. 1 illustrates channel 3 (0.52 � 0.60μm) of the image under consideration. It shows a forest stand of approx. 300x300m^2 extension.

2) For city planning purposes the Gartenbauamt of Nürnberg had performed ecological evaluations in an area south of the airport of Nürnberg [7]. The investigation was made in Aug. - Sep. 1993. An example of its results is reproduced in Fig. 2. The landscape elements are valuated based on ground thruth observations of the vegetation. These data are used to form the ecological data base.

ANALYSIS AND RESULTS

Fig. 3a shows the calculation of the vegetation index V_I of the image in Fig. 1. V_I was calculated by taking the ratio of Daedalus channels 7 (0.76 � 0.90μm) and 3 (0.52 � 0.60μm). One connection between scanner-data and the ecological evaluation can be seen at first glance: The high ecological value, indicated by the filled cirlce number 54 in Fig. 2 (’a wood stand of old oaks’), corresponds here to high V_I values found in the

Daedalus image.

To detect the edges of Fig. 3a pixels indicating a transition of V_I through a fixed value were selected (by first thresholding the V_I shown in Fig. 3a and then applying a Laplace-filter for edge detection of the thresholded image [3]). From all ecotones found in that manner, only the largest two were chosen by region growing as a means of pixel aggregation [1]. They are shown in Fig. 3b. A measure of their ’density’ on the landscape’s surface, and thus their ecological value, is the fractal dimension D [9]. For the computation of D the number of windows N of different extension r/a are counted which are neccesary to cover the ecotone. Here the lenghts r and a are measured in ’pixel’ units and a is the extension of the entire image. r reaches from r = 1pixel to a (r/a = 1). D is defined as the slope of the function ln(N) vs. ln(r/a).

D = �^{ln(N )}_{ln( ra )}

It yields fractal dimensions of 1.258 for the northern curve (transition oak to spruce) and 1.039 for the southern wood-edge. It is assumed, that the northern transition stems from a storm damage [8] while the southern edge is man made. Thus, it follows that the northern ecotone has a higher ecological value than the other which corresponds to the ratio of the fractal dimensions.

DISCUSSION AND OUTLOOK

The study presented here is an attempt to merge the methods of different disciplines, multispectral airborne remote sensing, image processing and landcsape ecology to derive indicators for the viability of landscapes. It is shown, that the detection of edges in a vegetation index image allows to extract ecotones of an landscape-element (ecotope). The computation of the fractal dimension of the edges is a means to differentiate between edges of different ecological value.

In the future it has to be clarified, which other quantities of multispectral image analysis (i.e. texture measures, fourier transformation, other descriptors of landscape elements) can be linked with which indices of landscape ecology:

In addition, to consider the current development of new sensing instruments as the airborne scanners DAIS, ROSIS (DLR), MIVIS or the spaceborne MERIS on ESA’s ENVISAT, which will have up to about 100 spectral channels and work as imaging spectrometers, emphasis on the definition of multispectral remote sensing and image processing algorithms has to be put. Due to the large landscape areas to be managed, and thus data amounts to be expected, the long-term goal has to be the automation of the processing.

ACKNOWLEDGEMENTS

The authors express their appreciation to the staff of DLR for performing the DEADALUS measurements and acknowledge the contribution of Dr. Pilotek from Gartenbauamt Nürnberg who provided us with ecological data.

This study is supported by the Volkswagen Foundation.

References

[1] Gonzales, R.C., P. Wintz (1987): ’Digital Image Processing’, Addison-Wesley, Massachusetts.

[2] Grossman, W.D., K.E.F. Watt (1992): ’Viability and Sustainability of Civilizations, Nations, Corporations and other Institutions’, Systems Research 1, 3-41 [3] Jähne, B. (1993): ’Digitale Bildverabeitung’, Springer Verlag, New York.

[4] Leser, H. (1991): ’Landschaftsökologie’, Ulmer, Stuttgart.

[5] Milne, B. T. (1990): ’Lessons from Applying Fractal Models to Landscape Patterns’ In: Turner, M. G., R. H. Gardner (Eds.): ’Quantitative Methods in Landscape Ecology’, Springer Verlag, New York.

[6] Musick, H. B., H. D. Grover (1990): ’Image Textural Measures as Indices of Landscape Pattern’ In: Turner, M. G., R. H. Gardner (Eds.): ’Quantitative Methods in Landscape Ecology’ Springer Verlag, New York.

[7] Pilotek, D. (1993), unpublished. [8] Pilotek, D. (1994), personal communication [9] Turcotte, D. L. (1992): ’Fractals and chaos in geology and geophysics’, Cambridge University Press

a b

Fig. 3: a) The vegetation index V_I of the image in Fig. 1, calculated from the ratio of Daedalus channels 7 (0.76 � 0.90μm) and 3 (0.52 � 0.60μm). Now, different tree species can be seperated within the forest stand. b) Transitions of V_I over a threshhold (= ecotones) are indicated in black.