Visualizing Historic Landscapes using Digital Photogrammetry
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Introduction





This paper presents an approach to measuring and visualizing changes in the landscape through time. The objectives are to:





Demonstrate a method for processing and presenting landscapes at different periods in time, using 3D models derived from historical aerial photography.


To interpret and measure changes in specific features over a forty year time period (native pine trees in the Scottish Highlands).


The construction of video fly-throughs of  the landscape to show the changes in landscape.








Background





Appraisals of the type and extent of the natural resources of an area are required for effective decision making in environmental management from farm to national levels (Orland, 1992 and 1994; Zewe and Koglin, 1995). Appraisal for a single period in time provides valuable information but only with information for additional years can assessments be made of natural or man-induced change in the landscape (Hester et al., 1996) Such change may be historical or proposed and consideration of the nature and rate of change in landscapes is of importance to land managers and planning authorities. Typical uses of information on changes in landscape include the monitoring or surveillance of landscape to assess the effectiveness of policy decisions (such as changes within areas classed as priority natural habitats in the EC Habitats Directive (ECC, 1992) such as Glenfeshie in which Caledonian Scots pine (Pinus sylvestris L) which once covered most of Scotland and has slowly retreated to the extent that this relict of Scotland’s pre-glacial cover now survives only as small, isolated woods or collections of trees (Pimm, 1997, Steven and Carlisle, 1959).





Methods for the identification, measurement and communication of changes in landscape are in five broad categories, textually descriptive, statistical, mapped, photographic (terrestrial and aerial), and modelled (usually, but not exclusively, with computing techniques). Often it is a combination of different approaches which provides the most comprehensive impression of change and the principal issues, common to all, are: data capture (including census and sampling techniques); data processing for ensuring consistency in classification, geometry, reference system and level of detail; interpretation and measurement of features or classes; and presentation of the results. One limitation of many of the applications of these approaches to assessing landscape change is committing a three-dimensional environment into two by the process of mapping and subsequently limiting the presentation of the results (Berger et al., 1996; Faust, 1995; Graf et al., 1994).





In this paper, certain aspects of the assessment of changes in landscape using aerial photography are described and discussed in terms of the digital data capture, 3D modelling and presentation of the results, with reference to two studies on the historical woodland change in the Cairngorm Mountains.











Methods and Results





Different dates of aerial photography have been used for two study sites in the Cairngorm Mountains of Scotland, in areas subject to competing pressures of tourism, forestry, nature conservation and hunting but managed in different ways: 1. 1. Glenfeshie on the western side of the Mountains and, 2. Balmoral, on the eastern side. Table 1 summarizes the dates and scales of the photography used in the study.





Area�
Date�
Scale�
�
Glenfeshie�
1946�
1:20 000�
�
�
1964�
1:26 000�
�
�
1988�
1:24 000�
�
Balmoral�
1965�
1:10 000�
�
�
1988�
1:24 000�
�
�
1997�
1:10 000�
�



Table 1. Photography used in study of loss of native pinewoods of Scotland.





The 1988 photography has been used for the creation of a digital terrain model (at horizontal resolution of 1m x 1m and a vertical resolution of 0.25m) and used for the production of orthophotographs at resolutions of 1m x 1m for each year. A combination of Global Positioning System (GPS) data and large scale maps were used to provide initial control points for the 1988 photographs and accuracy assessments for each dataset. 





Creation of the orthophotograph for 1946 required some camera calibration information to be obtained from a museum but no details was available for tracking which camera was used in the photographic sortie. This will inevitably lead to a lower geometric accuracy for the 1946 orthophotograph. However, this, low oblique, photographic data covers over 95% of Scotland and it provides the most comprehensive source of data for interpreting land cover in the period 1945 to 1955. Tests were conducted on the geometric accuracy obtained, in a regular pattern across the datasets, taking account of different slopes and aspects with respect to the principal point of the camera. Results of the test showed errors of up to 6 metres relative to the co-ordinates of the equivalent point at another date. The global accuracy for this dataset was an RMS of (2.9m


 


The orthophotograph was draped across its DEM within a 3D viewer (the VGIS viewer provided within Erdas Imagine 8.2) which permits real time movement around the model and linked viewing of models for different dates, thus enabling the interpretation of the landscape with reference to views of different years and from different perspectives. This approach also permits for account to be taken of the topographic conditions that is important in any aerial photographic interpretation exercise (Howard, 1991). The, as yet untested, advantage of this approach is that it presents the photographic image in association with the terrain data without the overheads of stereo-imaging and viewing. 





The study area was segmented into sub-areas using a regular, square, grid and individual tress, or clusters of trees, were identified on the most recent photograph and the positions recorded as points, with two attributes: 1. identifying if the point was an individual tree, grouping of 2 to 5 trees or clusters of greater than 5 trees; 2. a subjective assessment of the degree of confidence in the interpretation. The point data was used as an overlay, draped across the orthophotographs for each of the other years and changes in tree presence (or absence) were added to the dataset. Gross areal changes were interpreted as polygon features. 





The use of the 3D viewer aided in the interpretation of the features and tools were tested for aiding in the identification of changes in tree cover between different dates. Each of the ‘flicker,’ ‘swipe’ and fade tools proved of use under different circumstances, depending upon the degree of local shadowing; the presence of non-woodland features (such as isolated rocks) and the level of contrast within, and between, each photograph; and the geometric correspondence between the photographs.





Woodland was identified and mapped, with reference to the Forestry Commission definition of a pinewood as having at least 200 trees that are capable of inter-pollination and cone production (Forestry Commission 1991), and as points for individual trees, for each date, recording the confidence level with which they were interpreted. General land cover classes were also mapped and the boundaries compared with an analysis of the variability in the model by image processing techniques. A comparison of the datasets together reveals:





The loss and regeneration of native pine trees in each area;


The change in both spatial distribution of woodland and its density;


Identification of areas in which the (predominant) loss or (small) gain in woodland is most visible and a measure of the relative visibility of each land cover class;


Annotated fly-throughs of the landscape at different stages of woodland change for communicating the extent of those changes to the public and as an aid to decision making or advocacy of policies aimed at better management of the native woodlands.





Results of the interpretation show that about 18% of the mature tree cover died between 1946 and 1988 with recruitment into the canopy over the same period of just over 2% giving an overall loss over the period of the study of 16%, equating to about 0.4% per annum.  The main losses appeared to have occurred between the 300-400 m although this may be the result of unrecorded fellings on the more accessible lower slopes.  While recruitment was found to be greater on the lower elevation sites, it was not sufficient to balance the overall loss.  The imbalance between losses and recruitment has been put down to the intensification of management within the study area during the period of the study and particularly in the 1980s.





Other features which are interpretable from the historical photography include:





The areas of clear-felling which occurred during World War II (WWII), by Canadian workers, which were replanted in subsequent years; replanting which took place around the individual pine trees that were not felled.


The logging camps which were inhabited by the Canadian workers, and the current pattern of shelter woodland which since have been planted around the camps.


The pattern of muirburn on the hills, which would have been undertaken pre-WWII and with which comparisons can be made with more recent burning patterns (indicating almost no change in the rate of burning).


The patterns of erosion and scree on the hillsides in the higher parts of the glen.


The vegetation patterns that occur on the geomorphological features such as moraines, kettle holes and alluvial fans.


The braiding of the river and changes in the route of its main channel.





The identification and interpretation of many of these features, although subjective in nature, is enhanced by the use interactive perspective viewing, rather than traditional, static, stereo-viewing. The value of the methods used is discussed with respect to the quality of the interpretation of the features and their potential value for mapping wider changes in land cover as part of a digital aerial photographic dataset. In particular, the issues associated with the use of historical photographic data are discussed with respect to their value in geographically related research of the natural environment.











Presentation of Landscape Changes





To aid in the presentation and communication of the changes in landscape over the forty years a fly-through and video sequence was created for reply on either a Silicon Graphics video format or a PC (using QuickTime format and player). A flight path was defined and viewing parameters selected to highlight the occurrence of landscape features and changes within the Glenfeshie study area. A movie sequence of a flight across the landscape in 1946, 1964 and 1988 was created, visiting certain locations where either, change was dramatic over the time period or, key landscape features were be highlighted. 





The technical issues associated with the creation of such a video such are discussed, including the implications of: data quality (both geometric and visual), processing time, editing of frame sequences, disk space and configuration of the presentation media. As an example, a nine minute sequence, at 15 frames per second, for viewing on a high resolution monitor, using panchromatic imagery a video compression of 75% of the original imagery, occupies 1.1 Gbytes of disk space.





The sequences were edited to produce a single video tour of the glen. The value of such an output from a Geographic Information System is discussed with respect to its value for purposes of education and communication of issues associated with landscape management and natural processes and man-induced processes in the uplands. 


 





References





Berger, P., Meysembourg, P., Sales, J. and Johnston, C. (1996), Towards a virtual reality interface for landscape visualization, In: Proceedings of Geographic Information Systems and Environmental Modelling 3, Santa Fe, NM. 





Howard, J.A. (1991), Remote Sensing of Forest Resources. Chapman and Hall, London. pp. 420.





European Economic Council (1992),  Conservation of natural habitats and of wild flora and fauna.  Council Directive 92/47/EEC, Brussels.





Faust, N.L. (1995), The virtual reality of GIS. Environment and Planning B: Planning and Design, 22, 257-268.





Forestry Commission (1991), Register of native Scots pine seed collection areas. Forestry Commission, Edinburgh.





Graf, K.Ch., Suter, M., Hagger, J., Meier, E., Meuret, P. and Nuesch, D. (1994), Perspective terrain visualization - a fusion of remote sensing, GIS and computer graphics. Computers and Graphics, 18, 795-802.





Hester, A. J., Miller, D. R. and Towers, W. (1996), Landscape-scale vegetation change in the Cairngorms, Scotland, 1946-1988: Implications for Land Management.  Biological Conservation 77: 41-51.





Orland, B. (1992), Data Visualization Techniques in Environmental Management. Landscape and Urban Planning, 21, 237-244.





Orland, B. (1994), Visualization techniques for incorporation in forest planning geographic information systems. Landscape and Urban Planning, 30, 83-97.





Pimm, R. M. (1979), Glenfeshie: An achievement in conservation.  Scot. For. 33(3) 180-185.





Steven, H. and Carlisle, A. (1959), The native pinewoods of Scotland.  Oliver and Boyd, Edinburgh.





Zewe, R. and Koglin, H.-J. (1995), A method for the visual assessment of overhead lines. Computers and Graphics, 19, 97-1

















