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Abstract

The project "Data Center for Nature and Landscape" of the Swiss Federal Research Institute for Forest, Snow and Landscape is designed to 
provide a comprehensive storage and retrieval system for environmental data in a process oriented database model. This model also reflects 
the lineage or history of data sets. One of the major goals is the publication of heterogeneous data such as spatial-, tabular-, document-, 
image- and metadata over the internet with a single application. This paper describes how we developed an application within the framework 
of ArcIMS in combination with JSP and JavaBeans to reach these goals.

Introduction

In collaboration with the Swiss National Agency for the Environment, Forest and Landscape (BUWAL) the Swiss Federal Institute WSL 
established within a large monitoring project a research project called "Data Center for Nature and Landscape" (DNL). The primary aim of 
this monitoring  project is to conserve and improve the quality of nature protection areas in Switzerland. These reserves consist of both 
floristic protection areas such as mires, riparian forests, semi-arid meadows and faunistic protection areas such as migratory bird habitats. The 
success of such a long term monitoring project is heavily dependent on a consistent database. The database of these reserves contains a large 
amount of spatial data of different scales, sizes and complexities, ranging from very few objects mapped only once up to several hundred 
objects with sub-objects which have been mapped several times and already experienced multiple amendments.

In addition to these spatial data which represent extent and for example vegetation zones, relevant metadata are stored. These metadata 
contain information about data provider(s), publication date, content, status etc. according to the International Organization for 
Standardizations (International Organization for Standardization, 2002) in particular to ISO technical committee 211, Geographic Information 
– Metadata. To obtain a complete description, base documents such as images, text documents containing the criteria for selecting protection 
areas and governmental documents which build the legal base for the protected zones are also stored. 

Furthermore metadata are used for the description of the data generation steps to guarantee (interpersonal) reproducibility of the data. 
Information like hardware, software, the operating system, data format etc. are stored according to the lineage section of data quality 
description of the ISO Geographic Information – Metadata. 

Besides the design and implementation of a database model the project  aims include the implementation of the client software to provide a 
gateway to the data. Because the project DNL covers both national and provincial reserves, federal and provincial agencies need to have 
access to the data. Consequently the access software has to enable the exploration of the data via the internet. Another important requirement 
to the client application is the capability to visualize and query both the spatial data and the corresponding base documents by an easy to use 
user interface.

The database design

The database scheme of the DNL project focuses on the processing steps of the data. This approach aims to conserve the history of the data or 
lineage so that the data are comprehensive and reproducible. Lineage is explained as “The recounting of the life cycle of a data set, from its 
collection or acquisition, through the many stages of compilations, corrections, conversions, and transformations to the generation of new 
interpreted products“ (Clarke and Clark,1995). The database model represents each work step as a process which is in turn considered as a 
transformation process where new information i.e. data are generated. For each process the necessary metadata (e.g. observer, time, used 
software and hardware) and the process data (e.g. imagedata, spatial extent, documents) are stored (see Figure 1). A detailed description of 
the design and implementation of the DNL database approach is presented in Baumberger and  Haegeli (2000). 



 
 

Figure 1: Metadata as part of process steps and linking of processes

As already mentioned metadata for the description of the underlying spatial data are also stored. Tabular metadata are archived according to 
ISO document 19115 Geographic Information – Metadata (International Organization for Standardization, 2002). Base documents which can 
have different kinds of format are stored as binary large objects (BLOB) in the database. The database model and the storage of the data is 
implemented in an Oracle database using relational model techniques. For storage, management and access of the spatial data we apply the 
Spatial Database Engine (SDE) from ESRI (ESRI, 1998). 

Data accessing and retrieval

Requirements and Functionalities

The objective of the data access software is to create a common application to access the database enabling to visualize and query spatial-, 
tabular- and metadata as well as documents and images over the internet. These requirements have to be implemented in a single application 
framework. Many specialists with various backgrounds are involved in the long term project DNL. Since most of them are neither GIS 
specialists nor do they have knowledge in a database query language such as SQL (structured query language), the development of an easy 
and intuitive application interface is indispensable.

One of the major requirements is to provide an interface for mapping and spatial analysis. Common GIS functions such as zooming, panning, 
buffering etc. are mandatory. Besides layers representing the nature reserves additional layers for land use, administration boundaries, 
hydrography, digital orthophotos and elevation models can be included in the map. With these layers the reserves are put into a 
comprehensive geographic context which helps to perform scientific analysis. It is obvious that the actual states and future changes of the 
reserves are very much associated with the geographic environment. Since more than fifty layers can be used in the project DNL a well 
organized application interface has to be developed.

Another key issue is to enable interactive selection and query of the database. The intention is to perform a spatial selection of geometric 
features on the map in order to retrieve the relevant non-spatial data. The non-spatial data can be, for example, metadata which describe the 
lineage of the spatial data, a political directive, a photograph of the selected reserve or a scientific text overview of the inventory. Because 
these data may have any format, e.g. ASCII text files, PDF-Documents, images such as TIFF and JPEG, the client software must be enabled 
to deal with all the various formats.

Finally the accessibility on the internet requires security measures and user access control. Furthermore the internet application has to be fast 
and reliable otherwise it will not find general acceptance.

Implementation

Our client application takes advantage of ESRI’s internet mapping software ArcIMS. It satisfies most of the requirements regarding the GIS 
part of the application. ArcIMS provides a highly scalable architecture and integrates well with other ESRI products. In our project ArcIMS 
4.0.1 is installed on an UNIX Server running on Solaris 8 with an Apache webserver in combination with a Tomcat 4.0.5 as servlet engine.

In the first phase of the project the ArcIMS standard HTML client was chosen in combination with the open source language PHP 
(Baltensweiler, 2002). We designed the integrated PHP application for querying the database and displaying the non spatial data such as base 



documents in a new browser window. 

However, since the HTML client uses the servlet connector, all data served by image or feature map services can be downloaded if the 
internet user connects via ArcMap. In addition, for the analysis of the spatial data ESRI's HTML viewer is very slow. The HTML viewer 
consists of almost 10'000 lines of JavaScript code which are necessary for constructing and parsing ArcXML requests and responses. The 
result is a fat client which causes long download times via the internet. For the application in an intranet environment the HTML viewer 
satisfies performance requirements. A further drawback of the HTML viewer is the lack of any feedback to the user when the client is parsing 
large responses. Frequently the browser simply appears to be locked.

In order to avoid these disadvantages data processing needs to be moved from the client-side to the server-side. This requirement is 
implemented by the new software release ArcIMS 4.x in combination with the newly developed Java Connector. The Java Connector is an 
ArcIMS Server Connector that allows the communication between the ArcIMS Application Server and a Java Server Pages (JSP) client 
(ESRI, 2002a). It is a reusable software component suite that includes a JavaBeans Object Model Library and a rich set of custom JSP tags 
supported in the form of a Tag Library. JSP allows the construction of a thin browser-based web application where the application logic 
reside in server-based resources such as JavaBeans. This architecture provides additional Internet security and transaction integrity. ESRI 
provides a jspviewer as a springboard for development of more complex and customized Java Connector applications. In combination with 
the Tag Library and the JavaBeans Object Model Library this framework allows the development of a reliable and fast web application within 
a limited time span. The Java environment offers additional advantages like platform independency. This means that different webservers and 
operating systems (Windows, UNIX, LINUX) are applicable and Java components of other developed applications can be easily 
incorporated. Such a Java component of an already existing application (Braendli, 2000) is integrated in the jspviewer for enabling interactive 
selection and query of the database from the map environment to receive the desired metadata (Figure 2). These functions are implemented 
by the Java programming interface JDBC which supports basic functionality to SQL databases (Bales, 2002). The JDBC application interface 
consists of a set of interfaces that allows the opening of connections to particular databases, the execution of SQL statements and the 
processing of the results. 

  
Figure 2: Scheme of the ArcIMS application as designed in the project DNL

Process metadata like hardware, software, process step, data format etc. are directly joined in the attribute table using the JSP tag library. 
Metadata about a specific nature reserve can be retrieved by clicking on an icon which is associated with each layer (Figure 3). This act 
invokes a JSP custom action in order to execute the necessary SQL statements. The database compiles the query results to a XML page which 
is finally displayed in a new browser window.
To obtain information for individual objects of a specific reserve the user can perform a spatial selection on the active layer using the tool 
“select by rectangle”. Again a JSP custom action is invoked which displays metadata information as a link to every selected object in the 
attribute table. By clicking on the link a custom servlet establishes a connection to the Oracle database via JDBC and retrieves the associated 



base document.

 
 

Figure 3: Web-Application Interface. Visualizing metadata: (1) Retrieves metadata of a specific layer (2) performs a spatial selection for 
retrieving (3) tabular data and metadata (4) link invokes custom servlet to retrieve base documents of a specific object.

As already mentioned the project DNL consists of more than 50 layers. All these layers which are accessed through ArcSDE are served in 
one image map service. Therefore the layers have to be clearly arranged. For that reason a folder structure was implemented with DHTML 
which dynamically sorts the different layers into thematic folders.

To ensure high performance ArcIMS has to be installed on a server machine with a very fast CPU because each request allocates the CPU to 
almost 100% whereas RAM is not heavily used. The most critical point to optimize performance is to generalize layers depending on the map 
scale. Generalized layers should be drawn on small map scales whereas more accurate layers should be drawn only on large scales. This can 
be easily accomplished using the scale factors in the ArcXML map configuration file so that layers are only drawn when reasonable. As an 
example the layer with provincial boundaries was generalized by using the Douglas-Peucker algorithm. Both layers are stored in ArcSDE 
with the same storing parameters. The time to fetch and draw the data is 5.8 times slower for the original layer than for the generalized 



boundaries. Using this technique for all layers improves the performance of the ArcIMS site considerably.

Conclusions

The implementation of the client application is currently in the state of a working prototype. Therefore we can not report on extensive 
experience from a user point of view. However the first experiences are so far very promising in view of serving heterogeneous data over the 
internet. The user is able to dynamically explore data of different formats in a complex database without knowing any SQL statements. Due 
to the chosen server-site design and the layer optimization the performance of the ArcIMS application satisfies the requirements as requested. 
However a disadvantage of ArcIMS operating on a UNIX environment is the fact that no ArcMap mapservices are available. More 
sophisticated cartographic maps without the ArcMap service are rather difficult to produce.
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