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Abstract: 

Within the BIOTA-E02 subproject numerous geodata from disparate sources is gathered to study forest cover change and use history for selected East African rainforests. These data is to be visually compared by making use of their spatial reference. As the datasets cover the last ca. 100 years, when studying the data their differences in quality needs in particular to be visualized. A scientific text linked to the geospatial data is considered to further enhance the usefulness of the geodata collection. Therefore, a visualization tool has been developed and implemented as a prototype, by making use of SVG, JavaScript, and PHP. Here, we describe conceptual thoughts, layout design considerations and the currently implemented stage.
1 Introduction

Subproject E02 funded by the German Federal Ministry of Education and Research (BMBF) within the BIOTA East Africa project frame (see www.biota-africa.de) considers the analysis of longer-term forest cover changes in East African rainforests as one of its major tasks. Here, data sources range from satellite imagery and historical aerial photography via old topographic maps, official governmental records and forestry maps to oral testimonies by the local population, with place names giving evidence for much earlier forest extents (cp. Mitchell & Schaab, 2006). The analysis of such information will lead to a detailed picture of the forest use history over the last century reaching as far back as to the start of commercial exploitation. 

For Kakamega Forest situated in Western Kenya a first report on the exploitation and disturbance history (Michell, 2004) is available. However, this report was written when only part of the information was at hand. In the meanwhile the area under consideration has been extended to include the close-by Nandi Forests that have once been connected to Kakamega Forest (see Mitchell et al., 2006). For the scientist working on the task the question is now, how to best gain further insides by making use of all the information available? As soon as the investigation will be complete, the question will be how to disseminate the spatial information in a useful way? A printed report can only include some figures visualizing selective parts of the geospatial data gathered. While in a GIS database all spatial datasets may be included, analysis and interpretation results essential for coming scientists as well as for ground-level forest managers are missing. And finally, what about the differences in the geodata’s quality, a point of particular importance when drawing conclusions from data of such disparate sources and spreading over a temporal extent of 100 years? These need to be taken into account whenever and for whatever reason the geospatial data is used. It is on these reflections that the idea of a visualization tool has evolved.

2 Conceptualizing the visualization tool

The forest use history over the last 100 years will be more accurate, i.e. more insights are expected, if the numerous data layers can be directly compared via their spatial reference as it is possible by means of a GIS. However, in a GIS the visualization in connection with a text which is already summarizing first results by pointing out locations is not feasible. The visualizing of the varied information together with a text inhabiting hyperlinks while at the same time illustrating differences in geodata quality will offer the opportunity to the scientist to gain new conclusions. But it can also be of use to a wider audience: for plain documentation, for presenting the results as well as for the individual working with the gathered data and information by anyone interested.

The visualization tool is to encompass a map view and a textual component. Control over the text will be given by a detailed content list. Hyperlinks in the text offer a direct connection to the map window, where selected geodata layers (in raster or vector format) are displayed and the data quality per geodataset can be studied in a diagram. Via a table of content (TOC) list further versatility on geodatasets to be displayed is given. A toolbar allows for a manipulation of the map display. As such, the visualization tool can be categorized as an advanced cartographic information system that is supporting multimedia elements. If implemented with Web techniques it would fall into the category of Web mapping systems but exceeding their common features. However, a clear distinction from a Web-GIS is to be drawn as no GIS analysis functionalities will be provided (cp. Dickmann, 2004).

2.1 The main components: text and geodata

The text currently used, the so-called Kakamega Forest History Report (Michell, 2004), will be replaced later on by a more complete version including also the Nandi Forests. At the moment the text summarizes on about 70 pages the knowledge already gained regarding forest change in Kakamega Forest. In many paragraphs placenames are mentioned which are likely to be unknown to the reader, at least to those who are unfamiliar with the area. To make the geographical position of these placenames accessible to the user, a hyperlink is set leading to geodata of a particular location. These connections between text and geodatasets offer an enormous advantage in comparison to the printed text which is containing only very few maps as fixed views. While the geodatasets show the mentioned places in their geographical context, the text provides additional information. Further, the user herself is more flexible regarding the choice of views (i.e. geodatasets to be displayed, zoom level) and therefore able to reveal new correlations. 
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Figure 1: Data sources for the visualization tool.

The visualizing part of the geodata has to cope with the display of very different types of data (see figure 1). For the time being of the ca. 130 geodatasets to be visualised in the tool (cp. Huth et al., in press), 15 datsets have been selected for inclusion in the prototype, dependent on a choice of three chapters interspersed with hyperlinks. The sample represents the full range of collected data types (regarding data format, scale, extent, date and origin). Depending on the hyperlink clicked in the text, in the map view a predefined subset of geodatasets is displayed placing the geographical location in the centre and choosing a suitable zoom-level. While the TOC will provide the full list of those, only one raster datafile can be displayed at a time, but all vector datasets. A toolbar is to offer further possibilities for changing the map display with functionalities like zooming, paning, etc. For each geodataset metainformation should be accessible. Also a complete table listing all the ca. 130 geodatasets used in the tool is to be displayed on request, allowing to search for datasets to be added to the predefined selection. This list includes the quality assessment per geodataset. 

2.2 Geodata quality visualization

Even though displayed next to the geospatial data, the visualizing of the geodata quality is discussed separately because of its prominent role in the visualizing tool. Based on a literature study on aspects of geodata quality (see Huth, 2007) it was decided to treat quality not by a single judgement but by providing a more detailed assessment regarding the dataset’s usefulness and its reliability. In the literature (e.g. van der Wel et al., 1994; Comber et al., 2006) most often the following five quality parameters are discussed: lineage (Li), positional accuracy (PA), attribute accuracy (AA), completeness (Co), and logical consistency (LC). In addition we consider the parameter temporal information (TI, not to be confused with currency) because of its special significance when having datasets at hand that cover a long period of time. Due to the large variety of data types and because a spatially differentiating quality judgement within the different geodatasets is not possible it was decided to visualize the quality information in form of a diagram. This allows to treat the quality parameters separately but occupying only a small part of the screen, an advantage as space is limited when displaying the quality information besides the actual geodatasets. The overall aim for visualizing the geodata quality has been a presentation that is concise, easily comprehensible, and memorable. The diagram that made it in the end is included in figure 4. For a description on how the diagram evolved out of several options based on theories and examples from the cartographic field see Huth et al. (in press).

Five of the six quality parameters are visualized via traffic lights making use of this well-known system and further increasing memorability by applying the same scheme. While the traffic lights in four cases allow for a ranking within five classes, for logical consistency being more difficult to judge three classes were considered to be sufficient. The judgement of the parameter temporal information is based on the difference between the year shown on the map or dataset and the date of the dataset’s actual content. Here, in addition the state of our knowledge of these dates is expressed by the crispness of the particular traffic light (cp. MacEachren, 1995) considering three classes. For specifying the completeness a slider is used because this statement is more of a factual measure than a judgement. The order of the parameters as visualized in the diagram refers to their importance within the overall quality assessment for our task. To five of the six parameters we provide additional information as annotations. Here, we judge of value for a more complete picture: 

· the year on the map or geodataset next to the judgement on the temporal information,

· the type of the original dataset in additon to the lineage judgement,

· scale or resolution in combination with the judgement on positional accuracy,

· the number of attribute classes together with the attribute accuracy judgement, and

· for the measure on completeness whether it refers to the official forest boundary or the whole 60 km by 65 km study area (expressed by small icons).

Finally, a help button is included that can be activated if the full parameter names are required. The document further includes detailed explanations on the judgement procedure as well as on the quality diagram itself.

3. The layout of the tool

For displaying the contents of the tool on the screen one can use a single window or split the content across more than one window (referring here to an application window, not a browser window). The major advantage of presenting all the content in one screen-filling window is that it offers the full overview and an obvious working-together of the different components. But the one-page layout has the major disadvantage of providing little space for each of the components. From the text and its content list that would need to be placed above the map view only few lines would be visible. Thus, the reader would have to scroll a lot, thus loosing the context of a chapter easily. Also for the map view only limited space would be available. The number of geodatasets refering to a text one would need to restrict, too (i.e. the TOC), due to the availability of space next to the map view.

As a solution for struggling with little space a layout making use of two screen-filling windows with tabs for toggling between them has been given preference. By programming own windows with tabs instead of using those provided by browsers it is possible to limit the number of windows to two. This simplifies the handling of the tool for the user, as a click on a hyperlink in the text window does not open a new, additional map window. The division into a textual component and a map view component even suggests a treating of the layout in two parts. This solution provides twice as much space for displaying the content while maintaining the particular connectivity between the components of the tool. For a comparison between the tab-supported layout and one making use of a single window see table 1. 

Table 1: Comparison between a one-window and a two-windows layout making use of tabs.

	
	All content in a single window
	Text and map view separated in two windows

	Relationships of components
	++ relationships between text and geo-datasets (the main role) more obvious
	- user has to click back and forth, i.e. has to remember the content of the other window

	Space of GUI
	- tight if not overcrowded
	+ more space available, layout not as crowded, user not overwhelmed by the amount of information

	Navigation
	- content list of text almost useless because there is no overview on the chapters
	++ good navigation through the text because content list easily readable, splitting of chapters possible

	Programming
	+ advantage due to shorter path names
	+ advantageous due to a clear division of  SVG and XHTML parts (DOM-access in different name spaces)

- effort in programming tabs with their functionality (if not using tabs already integrated in browsers)

	Legibility
	- long text lines, lot of scrolling in vertical direction needed

- hardly any orientation within the chapters
	+ larger text area visible at a time, therefore context within chapter clearer

- large part of the window filled with text, but text on screen difficult to read

	Usability
	+ inexperienced user gets a compact layout
	+ user more flexible in choosing between views


++ of major advantage, + advantageous, - disadvantageous

By using a separate text window, the reader is able to concentrate on the text instead of seeing all the content at a time. The disadvantage of being confronted with large text sections can be compensated by an adapted design with shorter text lines and a greater line spacing. Further, the long text can be split into its chapters, avoiding scrolling to a considerable extent. If a look at the geoinformation is required, the user can change to the map window just with a single click on a hyperlink or by clicking on the map tab at the right side of the user interface, thus changing the order of the windows. In the map window the map view, the toolbar, the geodatasets’ TOC and the geodata quality diagram have to be placed. For a uniform appearance of text part and map part, also here the content list (i.e the TOC) is to be placed to the left. Below it the visualization of the geodata quality will be positioned. This arrangement is considered to be intuitive, because the user has to choose a geodataset from the TOC for which the quality is then displayed.

4. Technologies used

In contrary to raster formats vector datasets can be scaled without loss of graphical quality. A very flexible vector format is the XML-based Scalable Vector Graphics (SVG) allowing the use of complex geometries, such as Bezier curves, UTM coordinates and attribute values (Ueberschär & Winter, 2006). Therefore, SVG is used not only for the layout of the user interface and the visualization of the data quality in the diagram, but also for displaying vector datasets within the map view.

Since large amounts of text, in this case more than 70 printed pages, cannot easily be handled in SVG, XHTML is applied for the presentation of the text. XHTML is also based on XML and therefore platform independent. Since the interpretation of XHTML is a basic component of each browser, automatic features such as scrollbars are offered and extend the usability of the text.
For the separation of content and layout as well as an easier maintenance of the style for the SVG interface, the vector datasets, and the XHTML-formatted text Cascading Style Sheets (CSS) is the means. The clientside scripting language JavaScript is used to add interactivity to the map window. Additionally, the free MySQL database has been chosen to store all the information about the numerous datasets apart from their geometry and attributes. The connection of the server-based MySQL database and the clientside JavaScript and SVG environment is done via PHP, a serverside scripting language. To a certain degree type and extent of the generated SVG and JavaScript can be controlled by request parameters. Figure 2 shows how the different technologies are working together in the visualization tool. 
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Figure 2: Technology stack as applied for programming the visualization tool.

5. Implementation of the prototype
5.1 Preparing and organizing the geodatasets for the tool 
The fifteen datasets chosen for inclusion in the prototype have to be converted in appropriate formats before their visualization is possible. The raster datasets being IMG or TIFF files were converted into JPG (not PNG because of the larger file size) that is supported by SVG, making sure easy-to-handle file sizes by resampling if necessary. For the portrayal of the vector datasets Shapefiles, built and used in ArcGIS, were converted to SVG with the tool ‘ogis2svg’ (Neumann, 2005). Via this routine the UTM-coordinates of the Shapefiles are maintained and attributes can be taken over.

A database had to be set up for storing the information which geodatasets are connected with the localities mentioned in the text (considering for the prototype only those of the three selected chapters). For every geodataset the information needed for visualizing its quality in the diagram, including judgements and additional information, is stored in the database, too. Here, a table ‘layer’ represents the geodatasets, a table ‘quality’ contains the quality information of each geodataset. Table ‘extent’ provides per hyperlink in the text the geographical extent to be displayed in the map view.
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7 The BIOTA study sites

In this section the 10 BIOTA study sites are examined in tum. This separate treatment is
necessary due to the localised nature of the forest quality, different traditional practices,
and the separate disturbance histories of these different areas

Speies names for plants and animals as referred to by local peaple were mostly given in
Luhya (or Swahili). When identification of Luhya names was possible, vernacular or latin
species names are given. In Appendix 111 a list of lacal Luhya plant and animal names and
their respective vernacular or latin name is given, however, it is far from being exhaustive.

7.1 Malava
7.1.1 General

A5 far back as records and local memories will extend, that is to around 1910, Malava
Forest has been as isolated from other forests as it is today. Place-name evidence in this
area shows no vilage names outside the forest relating to farest vegetation (Appendix
). The 1913/16 map actually marks Malava Forest as smaller than the later official
demarcation and appears not to have registered the north-eastern arm as proper forest
(Fig. 2, page 17). It has been written that Malava extended at that time as far south as,
but just to the west of, Kisere Forest around 1948, but that view was based upon partial
aerial phatographic evidence (BROOKS ET AL, 1899). At the time of its first official
demarcation in the early 1930°s it included the north-eastern arm which was later to be
dlear-felled.

With regard to the original state of the Malava Forest the FD records report only that it
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Figure 3: Screenshot of the text window with the hyperlinks that ‘determine’ the map window’s content.
5.2 Programming the tool
For the text window (see figure 3) a separate XHTML file is created per chapter of the Kakamega Forest History Report containing also the content list of that chapter. The formatting is achieved via a linked CSS. Hyperlinks are included to connect each subchapter of the text with its title in the content list section. An arrow icon is placed after long subchapters to allow the navigation to the beginning of that chapter. For switching between the nine chapters and the appendix, each XHTML file contains ten buttons positioned at the bottom of the window. Hyperlinks are set leading the user from place names in the text directly to the map window. The two tab graphics were saved after drawing as PNG and incorporated in the user interface. The map tab graphics is connected with the map window by a hyperlink.

For setting-up the graphical user interface of the map window the file index.svg from Neumann (2006) has been used. The code sample also inlcudes several JavaScript libraries for the realization of interaction. The original index file has been adjusted to fit the needs of our tool. The map window as currently implemented is shown in the screenshot of figure 4. The tabs on the right are created by means of JavaScript and drawn dynamically on runtime. Also the content of the map window is dynamically generated on demand, each time the user clicks on a hyperlink in the text window. Then parameters will be sent to a PHP script which is executed on the server. The PHP script sends a request to the MySQL database and gets back information about the map extent and the set of geodatasets as pre-defined per geographical location in the text. With this information, the SVG and JavaScript code for the appropriate checkboxes can be completed and sent as response back to the user's computer. If the user clicks now on a checkbox the demanded layer will be loaded per XMLHttpRequest (JavaScript). 
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Figure 4: Screenshot of the map window which includes the geodata quality diagram.
For choosing a geodataset to display its quality diagram a column of radio buttons is provided within the layer list. A database request is used to check which layer is selected and a variable accordingly filled. The static components such as title and help button are directly implemented in SVG, the dynamic parts of the diagram are composed based on database information. Here, with the help of the DOM the values for e.g. positons and colours of active traffic lights are adjusted.

For navigation in the tool (see figure 5) the most important functionality is the automatic display of the geodatasets relevant for a locality mentioned in the text. Here, the user has two possibilities to access information:

· loading of a predefined combination of geodatasets by clicking on a chapter title hyperlink, or

· the centred and if appropriate zoomed-in display of a geographical locality and its surrounding by clicking on a hyperlink in the text body.

Depending on the context different geodatasets are displayed. To get a detailed view of the loaded datasets the user can use the zoom-in button from the toolbar. Similarly, the clicking on a hyperlink in the text does not load new datasets as long as it is integrated in the same chapter, but initiates a zoom to the selected locality if appropriate. Further tools are provided such as zoom-out, pan, change to full extent, and determination of coordinates via a cursor. In the TOC of the geodatasets icons lead to their metadescriptions. Via radio buttons the user can choose the geodataset for which the quality diagram is to be displayed. Via the toolbar also the table with the complete information (for identification and regarding lineage as well as quality judgements) on the ca. 130 geodatasets to be implemented in the visualization tool should be accessible. Further, via checkboxes the user can activate or deactivate geodatasets. She should have the chance to load additional ones, which could have been identified by the just mentioned table. To continue reading the text, the user has to click the text tab. Navigation within the text is performed via the chapter buttons and the content list. A visit of the map window does not necessarily need to be payed via a hyperlink but alternatively via the map tab.
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Figure 5: Interaction flow between text window and map window.
6 Conclusion and outlook
The challenge of the visualization tool is the common and interlinked presentation of the three components: scientific text, geospatial datasets from disparate sources covering the last 100 years, and geodata quality diagram distinguishing and annotating distinct quality parameter judgements. Currently the prototype supports three chapters of the Kakamega Forest History Report by applying 15 of the future ca. 130 geodatasets. Not fully implemented yet is the access of metadata description sheets for each geodataset, the access to the complete data table via the toolbar, the possibility to load additional geodatasets, and the taking-over of the geodatasets’ attribute information. But all the other features are readily working. However, a problem in the performance of the application has been encountered mainly due to the large geodatasets. 

Therefore, in the ongoing further development other techniques are made use of for improving the performance considerably. With the use of Web Map Services such as the UMN Mapserver raster images can be tiled, resulting in much shorter response times since only the tiles of the required map extent need to be loaded. Additionally, SVG layer geometries are to be stored in a PostgreSQL database with PostGIS extension. Except from the administrative point of view the big advantage of this technique is the possibility of an on-demand, scale-dependent generalization of the geometry by the database itself, the clipping of the geometries according to the map extent and therefore the faster loading of the geometries. Implemented in this way the visualization tool will become a Web mapping system that with the dynamic geodata quality diagram clearly exceeds the features commonly supported in such applications.
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