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Abstract 

This paper analyses changes on the urbanization process occurred over a period of ten years (1990-2000) in a vast area located in the Veneto Region (north-eastern Italy). These studies aimed to confirm through quantitative data a supposed trend towards a diffusion of urbanization in the region (e.g. the diffuse city phenomena). 

A simple comparison between two urban maps produced at two dates lacks information about the characteristics of the urban development: be it concentrated or diffuse. For such purposes the description of urban phenomena needs to differentiate different typologies.

Thus, the methodology developed, comprises two separate successive phases. The first phase involves the creation of a map of built-up areas on the two specified dates; the second, focuses on the identification and definition of classes or typologies of built-up areas pinpointed in the first phase. Change analysis is therefore carried out by comparing the types of built-up areas. The strategies, approaches, and processing techniques that may be used in the first phase are discussed and methodological considerations made. 

Processing techniques of the second phase, which includes computing local density of built-up areas, morphological segmentation and landscape indices, are presented and discussed in the context of the Veneto region. 

The Veneto Region: a particular mapping experience

The application of Remote Sensing to urban studies for analysing and monitoring the development of urban areas starts in Europe at the end of the 1980s with European projects promoted by Eurostat (1994) and to some extent with the CORINE Land Cover Project and later with MOLAND, designed for this specific purpose (Lavalle and others 2000). 

At the same time at the University IUAV of Venice we began to use satellite images with the aim to produce updated maps of the state of urbanization in order to analyze the increase of urban set-ups in the Veneto region. 

A first project with SPOT Pan and Landsat TM images was carried out in 1992 by applying a procedure based on mathematical morphology in order to identify built-up areas (Pesaresi and Bianchin, 2001). This map was compared with a map of built-up areas produced by the Italian Ordnance Survey (Istituto Geografico Militare Italiano)  at scale 1:50 000 in the 1970s. These studies aimed to confirm through quantitative data a supposed trend towards a diffusion of urbanization in the region (e.g. the diffuse city phenomena). However, a simple comparison between two urban maps produced at two dates lacks information about the characteristics of the urban development: be it concentrated or diffuse. For such purposes the description of urban phenomena needs to identify different typologies. For this case study we developed a procedure able to differentiate urban areas on the basis of their size: compact cities, large patches, small patches and elementary structures (Bianchin and Pesaresi, 1994). The procedure applied a sequence of morphological openings with kernel sizes increasing for each one of these levels of analysis. 

Recently, a similar study was carried out to analyse the increase of urbanization between 1990 and 2000, by making use of Landsat TM images.  
Urban change detection 1990-2000

The study presented here aims at analysing temporal trends in urban development over a large area of the Veneto Region, during the decade 1990- 2000. 
We are going to describe it in detail in order to illustrate the methodology applied and to raise and discuss a few issues concerning the impact of analysis techniques on defining the concept of urbanisation. 
The methodology proposed can be assumed as a general methodology for this type of study. It consists in three phases:

1. automatic extraction of urban spaces and accuracy assessment in order to provide a map of built-up areas; 

2. processing of urban features and structures for generating a map of built-up area typologies, at different dates; and

3. change detection analysis, including quantification of changes occurred amongst different urban categories (typologies).

A plain map of built-up space is not sufficient since it allows to evaluate only the increase of built-up areas, not the changes occurring between the urban typologies. To do this, it is necessary to have maps of built-up area typologies at two dates, then to compare them in order to evaluate changes from one typology to another, and the trends in urbanization. Analysis of urban change is achievable by identifying the differences among urban typologies located in the same zones and extracting them in the second stage of the procedure.
Automatic extraction of built-up areas
The following Landsat TM images were available for automated extraction of built-up areas:

Landsat 5 TM, 30m, frame 192/28, 08/20/1990

Landsat 7 ETM+, 30m, frame 192/28, 09/08/2000

Landsat 7 ETM +, 30m, frame192/28, 06/04/2000

In order to compare the final results drawn from different images, the 2000 images  have been registered on the 1990 image. As stated above, the first step of the analysis, carried out by an automatic process, has to deal with the best choice of image classifier to extract the urban theme from satellite images. 

With the intention to apply multispectral classification, some points have to be remembered. First, at these resolutions urban space includes elements with different spectral behaviour. Consequently they fall into different classes. Second, given the sensor resolution  and the size of elements that compose urban space, we obtain a great number of mixed pixels which are difficult to classify. 

For the 1990 image (Figure 1), we applied a classification procedure in several steps. First a K means classification in 10 classes over the bands 1 and 4, which is an unsupervised classification. We identified as urban classes the classes including pixels which, on the bases of the knowledge of the area studied, certainly belong to urban space. In this way we over-estimate urban space since the classes include also pixels belonging to other themes, but similar to urban pixels. Such urban classes have to be refined afterwards. After applying a majority filter with 3 x 3 kernel, only pixels belonging to urban classes identified are treated through a new  k means classification in 10 classes using two other bands, 3 and 7. This operation allows us to reveal spectral differences not perceivable before and to achieve a better discrimination of urban pixels. The map thus obtained is post- classified through a 3 x 3 kernel majority filter. The filtering operation allows us to “recover” pixels inside urban area as well as green areas 

The 2000 urban map (Figure 2 ) was obtained through a similar procedure, with a different choice of bands. The first classification operates upon bands 1 and 4 of Landsat in September, and band 4 of Landsat in June; the second classification upon bands 5 and 7 of Landsat in September.
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	Figure 1 : 1990 built-up areas
	Figure 2 : 2000 built-up areas


For the accuracy assessment of maps we select test areas by photo-interpretation of SPOT-Pan images at two dates (Fitzpatrick-Lins K. 1981). In the choice of built-up areas we privileged central urban areas rather than threadlike organisations or isolated houses. Results show high accuracy for both maps: 96∙7% for the 1990 map and 93∙5% for the 2000 map. It is worth noting how classification strategy in two subsequent stages is very effective since it allows us to refine the classification within the wider urban class defined by the first classification.

Analysing urban dynamics and trends

The second part of the methodology is concerned with the analysis of urban dynamics in the area considered. The study demonstrates the application of several techniques, some of which were developed in our previous studies, others, such as spatial statistics, are borrowed from studies of the MOLAND European Program  and the  research of Herold (2001). 

In this phase, maps showing built-up areas in 1990 and 2000 were analysed spatially to produce new information for characterizing urban organization, quantitavely as well as qualitatively. The objective is understanding, describing, eventually interpreting changes in urban and territorial development. 

To facilitate the spatial analysis the area under study was partitioned into homogeneous zones with specific characteristics over which to compute different indices that can be subsequently compared. In our case study of the total area, four sub-areas  with different characteristics (Brenta river area, Terraglio, the central area and the Padua- Bassano corridor) were drawn. The large urban agglomerations (Padua, Venice-Mestre, Treviso and Bassano) have been excluded from these areas since they are characterised by their own organization, distinct from the rest of territory - i.e. concentration based (Figure 3). If such agglomerations were embodied in sub-areas, statistics estimates would be biased by a range of diverse spatial organisations, with the consequent difficulty in their interpretation.
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Figure 3 :  Study area and homogeneous zones
Different analyses were applied. The first is based on traditional land use statistics, the second on local density function, the third on morphological transformations, and the last on landscape statistics. 

Land use statistics compares built-up surfaces areas at two dates. It provides information about the increase of built-up areas, supplying quantitative measures. In our case study, the total built-up surface area grew in the decade 1990-2000 of  8344 acres, equal to 3.08 %. The total increase of sub-areas is of  3.03 %, which is a bit lower than the 3.08% relating to the total area. These values highlight the fact that the extent of built-up space in urban centres rises by a percentage rate not much higher than in the remaining territory. These statistics do not, however, provide information about the spatial organisation of the area.

The following two analyses deal, in different ways, with the concepts of density and compactness compounded by size. The first analysis procedure consists of generating maps of built space local density by processing built-up area maps through a low-pass filter. Local density was computed for surfaces of about 1km2, using a kernel of 33x33 pixels. From the analysis of the results it emerges that the medium density areas are the most numerous, along with those affected by the greatest rises in all the sub-areas. The highest percentage of high-density areas are found in the total area, including the large urban agglomerations (Figure 4). Recent urbanisation areas are to be found in the proximity of cities (notice the expansion of Padua) and important road axes (notice the increase of medium density areas along the axis Padua-Bassano or between the small centres of the central area).
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Figure 4: Built- up space local density map       Figure  5:  Built-up area typologies map 
The second analysis classifies built-up areas according to the size of patches through a morphological segmentation technique. Morphological segmentation (Bianchin and Pesaresi, 1994) pinpoints, via a series of morphological openings with increasing structural elements, the maximum square inscribable in the various built-up regions. In doing so, the built-up area continuum is divided into urban structures, differentiated according to their size. We considered four classes, corresponding to different sizes of the greatest inscribable square, from more than 210x210 m2 for the first class up to 30x30 m2 for the last. We called them: compact cities, large patches, small patches and elementary structures (Figure 5). From the analysis of the results it appears that most parts of the built-up areas are composed of compact cities and larges patches. Moreover, large patches show the greatest increases in all the areas in the decade under consideration.

The third procedure explores a number of indices drawn from landscape ecology. Landscape metrics include quantitative indexes useful to describe structures and the spatial organization of territory. We chose a number of those referring to spatial configuration of the map (McGarigal and Marks 1995, Gustafson 1998). For their calculation we used the software FRAGSTATS of McGarical et al (Mcgarical and others., 2002). Given the low spatial resolution of the Landsat images, we distinguished only two classes: built-up and non-built-up areas. 

A short description of indices selected and computed in our study (Table 1): 

· Patch density (PD) is simply the number of patches per unit area. The density of regions provides information about the aggregation of patches. In general, low values mean a low number of large regions or many little areas aggregated in one or few regions. 

· Edge density (ED). The most common measures of shape complexity are based on the relative amount of perimeter per unit area, usually indexed in terms of a perimeter-to-area ratio. This statistic, like CONTAG, is a fragmentation index. Low values correspond to landscapes composed of few big regions (or in the extreme, one large, single, homogeneous region), high values to complex and fragmented landscapes composed of wide variety of regions. 

· Standard Deviation of the area (Area_sd) computes the deviation of each patch from the mean patch metric value for the corresponding class. Low values mean homogeneity in the magnitude of regions, high values indicate variety in the magnitude of regions, that means a mixture of different urban set-up typologies. The increase in this value entails the increase in complexity in landscape structure. 

· Fractal dimension (Frac) expresses the average value of the area-to-perimeter ratio for each patch i. Frac values range between 1 and 2. Frac approaches 1 for morphologies with very simple perimeters such as squares, and approaches 2 for morphologies with highly convoluted, plane-filling perimeters. Fractal dimension index is appealing because it reflects morphology complexity across a range of spatial scales (patch sizes). Also for this index, the greater the increase in value, the more fragmented is urbanization.

· Contagion index (CONTAG) allows establishing the aggregation status of regions placed in a given area, hence to measure the fragmentation of a given landscape. CONTAG expresses the observed contagion (number of adjacent pixels belonging to the same class weighted in function of the total amount of the class in the area) over the maximum possible contagion for the given number of patch types that area comprises. CONTAG values range from 0 to 100. High concentration values occur when pixels of a certain class are concentrated, low values when they are spread throughout the area. Contagion is inversely related to edge density. When edge density is very low, for example, when a single class occupies a very large percentage of the landscape, contagion is high, and vice versa. In addition, note that contagion is affected by both the dispersion and interspersion of patch types. 
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Table 1 : Spatial statistics and values computed for the total area
Analyses of the data resulting from these statistics lead to many considerations. Firstly, an increase in patch density between 1990 and 2000 may be observed in both the total area and in the sub-areas. Increase in built-up surface in various regions is not accountable solely to the expansion of existing areas but to the fact that new regions have been created. The highest patch density values were found for the whole area, wherever there are large urban conglomerations. 

The values for edge density increase while the contagion index values diminish. These variations indicate an increase in the fragmentation of the territory. The new building areas are not concentrated but widespread, but despite this, the connectivity value is however high, since the urban structures are historically characterized by concentration. 

The fractal dimension values of the patches of sub-areas and of the total area were rather low, both in 1990 and in 2000. This indicates the presence of built-up areas of regular structure, and not very fragmented. The highest value registered for the total area was in 1990, and this was probably due to the complex ramifications of the towns. The reduction registered in 2000, whereas, may be connected to the formation of conurbations and to the consolidation of the central areas. In all of the sub-areas an increase in the fractal dimension value was registered between 1990 and 2000. New areas, or expansions, therefore, have lent a more complex morphology to built-up areas. 

Standard deviation within the area indicates a variation in the mean value which is lower in 2000 than in 1990. The new built-up areas in 2000 were therefore, in terms of area dimensions, more homogeneous than in 1990. 

Analyses carried out through image processing describe expansion in terms of density, urbanization types, and spatial statistics at fragmentation level. In order to interpret territorial transformations in all their complexity it is therefore interesting to read side-by-side the results of the analyses carried out by these two different approaches. Consolidated new built-up areas have not developed as concentrations but along axes: they are not directly adjacent to existing built-up areas but are constructed in the vicinity. At a global level, densely built-up areas maintain their pre-eminence, but on a more detailed scale, there is a tendency towards dispersion, that fragments the territory. A more detailed analysis can be carried out based on specific aspects of analysis. 

Accordingly, these case studies highlight the additional value that may be obtained when not merely producing a mono-thematic map of urban areas from which only information on built-up spaces is derived. It is further necessary to apply algorithms that enable building indicators of individual and contextual shape (fragmentation, contiguity, etc.) applicable to the sub-areas. It would thus be possible to classify an indistinct built-up area on the basis of a series of variables, according to which it would then be possible to define the various typologies of development within these areas. 

Furthermore, the appropriate use of image processing instruments, based on structural approaches (mathematical morphology) are able to qualify the dimensions and the compactness of the varying structures, thereby creating a thematic map of built-ups typologies.

Conclusions
Remote Sensing is a new observation tool, and provides different data from what we are used to – measures of multi-spectral radiance rather than objects. These data, due to their digital and numeric characteristics, can be processed using a large variety of mathematical and algorithmic approaches. The possible methods of analysis and the ensuing outcomes represent a challenge to our ability to interpret them and then render them usable by the various territorial disciplines. Those who work with satellite images often focus on processing methods, highlight one or more results, but fail to explore the practicality of these results in terms of the needs of territorial research. 

For the utilization of satellite images in urban studies, we tried to create (on the basis of our experience) a general picture of the problems involved and thus suggest a methodology applicable to this field of work. The result is a methodology by which it would be possible to respond to the complexities and variations of the Italian urban context, which are also very often representative of European and international situations. 

This step-by-step approach of the proposed methodology to a particular case allows for detailed description and evaluation of its effectiveness, and at the same time to account for the difficulties and the attention required to reach a satisfactory result for the study of urban transformation. 
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