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Development of a Very Flexible Web based Database System for 
Environmental Research 

Reiner Krause1 

1. Introduction 
The Max Planck Institute for Biogeochemistry is dedicated to the study of long-term interactions among 
the biosphere, atmosphere, geosphere and the oceans, aiming at a better understanding of climate change. 
The institute is involved in international projects that are dealing with data of various types: greenhouse 
gas measurements, plant, animal, microbial and soil parameters, satellite images and model runs. 

Currently data are stored in various formats as files and in databases on different systems. Documenta-
tion of data follows individual rules. The development of the Research Database to be described here was 
initiated to make data easily available for all interested scientists and to support standardised documenta-
tion that is comprehensible for outsiders of the data producing projects. This shall also fulfil the obligation 
to allow verification of conclusions drawn from these data in case of doubts. Because many projects are 
performed in collaboration with other institutions throughout Europe the database also stores and docu-
ments data produced by these organisations, thereby serving as a project database. 

Fig. 1: Interconnections 

Figure 1 illustrates different access paths2 for the Research Database as planned and partially realized al-
ready. The database will contain data produced by scientists and service facilities of the institute. Some 
distributed databases will keep on storing partial data, documented in the central Research Database. Labs 
get information about samples and analysis requests from the database and write back analysis results. 

                                                      
1 Max-Planck-Institute for Biogeochemistry, P.O. Box 10 01 64, D-07701 Jena,  
email: rkrause@bgc-jena.mpg.de, Internet: http://www.bgc-jena.mpg.de 
2 The meaning of arrow styles is explained in the figure. Arrows show in the direction of data flow. 
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The European climate research project CarboEurope-IP consists of sub-projects called components. The 
Research Database serves as a central data catalogue documenting the contents of the component data-
bases. Some data however will be stored directly in the Research Database. This is also the case for some 
other projects like TCOS-Siberia and CHIOTTO. The public has read access to released contents and can 
access distributed data using metadata stored in the Research Database. 

2. Design Principles 
2.1 Integration of Diverse Data Types 
All data and metadata shall be integrated into one system. This is achieved through a design that handles 
all information as descriptions, regardless if they are measured values or site, project or measurement de-
scriptions, and independent of the data format and structure. No matter if we think of references to other 
online data sources, or texts, numbers, date and time values or complete files, if we have single values or 
data series in mind, everything shall be handled the same way. Furthermore everything can be linked with 
each other as far as it makes sense. All other principles like versioning and access constraints apply to all 
kinds of descriptions. 

2.2 Versioning 
As soon as scientific data are used for interpretation or deriving other data they must be kept in their origi-
nal version to allow comprehension of scientific results. On the other hand it should always be possible to 
correct data. The database system allows entering new versions of data while keeping the old versions and 
tagging them as rejected or replaced. Users will see the latest versions by default but may also display old 
data. By default descriptions are tentative. With this status normal changes and deletions are allowed. Ver-
sioning is active only after approving data. Then users changing data must state the reason or the nature of 
change. This information can be inspected together with the date and username by all accessing the differ-
ent versions. 

2.3 Access 
The projects that store data in the Research Database are funded publicly. While consequently most data 
will become public they are private for a certain initial period. This is because data owners want to be the 
first to benefit through publication of new insights and want to check and flag data accurately before al-
lowing access to those that are not familiar with the challenges and uncertainties that the scientists are fac-
ing. 

The database system must allow constraining read access to groups of users and making data public at a 
later stage. Privileges to enter, change and delete data and to grant and revoke such privileges can also be 
assigned to groups that are part of the respective projects. User rights can be defined for each item inde-
pendently whereas a propagation mechanism makes explicit definition of user rights unnecessary in most 
cases. 

Not only is the interested public distributed on our planet, but also are the project partners. Therefore 
the Research Database is web based. The browser technology makes it easy to refer to other online infor-
mation in case it shall not be stored in the database itself. 
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2.4 Distribution of Workload 
As far as possible changes in the Research Database shall be performed by those who produce data and 
manage research projects. This reduces the need of a central management allowing growth of applications 
of the database without substantial growth of central staff, and it ensures that those who are familiar with a 
project determine the documentation of data and define access constraints. 

2.5 Standardisation 
Despite the diversity of data and involved groups the Research Database shall be one big data store that 
allows assembling data from different projects for secondary use in other projects. This affords some stan-
dardisation: 
- The same type of description should have the same title throughout the database system. This is true for 

metadata fields as well as for variable and unit names. 
- The same keyword catalogue should be used wherever applicable. 
- A minimum set of descriptions should be used. 
All these aspects support easy orientation in the growing data pool. In order to benefit from efforts already 
undertaken in other contexts and to prepare for future data exchange with systems outside of our current 
scope, we orientate at standards like ISO19115 and Dublin Core. But of course we also have to deal with 
needs specific to the focus of the supported projects, resulting in fields and keywords not envisaged in the 
design of common standards. 

2.6 Project Specific Needs 
As different groups use the database system, different needs arise. While for example participants of one 
project want to see all samples taken at a site, another project isn’t interested in these samples at all when 
viewing the description of the same site. The best solution for individual needs is not to allow different 
types of naming and descriptions but to enable users defining their own view profiles. This allows having 
an integrated system while accounting for need specific database characteristics. A profile shows all data-
base content in a conjoint style, even if it is from a different project. Users may choose between different 
profiles, this way adapting the database system to their current needs. 

3. Data Structure 
The basic dataset in this database is very simple: It only represents an item of a specific class like project, 
site, air sample, method application, a specific variable or name. Value items (e.g. a CO2 concentration or 
a project name) have a value but don’t say what they qualify. Non-value items only represent something of 
a specific class (e.g. site) without any further information (e.g. not even the site’s name is part of such an 
item). An item in itself has no real meaning. The meaning only comes through links between items. 

A link connects two items with each other, like the site with its name or with an air sample, and the air 
sample with its CO2 concentration. Links can have different meanings: A person can be linked to a project 
as principal investigator or as contact person; a place can be linked to a flight as starting or sampling 
place. An action result is described using a threefold link between action, source and result (see the link 
connecting analysis, air sample and CO2 concentration in figure 2). 
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Fig. 2: Data structure 

The main reason for this atomised data structure is its flexibility. There is no need of new or modified ta-
bles when new kinds of descriptions shall be used. Virtually everything can be described by a network of 
items. New kinds of data can be stored without software development. Programming is only necessary if 
new tools are needed for old or new types of descriptions. On the other hand this database design affords 
thorough considerations concerning response time for application development. 

To assure usage of standards all classes must be defined before entering data of these classes. The defi-
nition level is an own part within the database model of which the two central tables (Item Class and Link 
Class) can be seen in the simplifying figure 2. Besides describing which item classes can be linked with 
each other, the definition level also defines the appearance of displayed data and the fields of the input 
form for each item class. New types of descriptions and variables are simply entered in the definition level 
and can be used instantly as all form windows adapt themselves to these definitions. 

The definition level can be edited via form windows in an Internet browser. However because these 
changes shall be coordinated only a small group of users will have the privilege to edit the definition level. 

4. Tools 
4.1 View Data 
There are four types of form windows for viewing data. The Retrieval Form allows displaying and 
downloading information that conform to entered search criteria. The Retrieval Form is very simple in its 
basic option while offering a big variety of configuration settings for constraints, table columns and 
download formats in its advanced option. Such settings can be stored for repeated usage by groups of sci-
entists. The Display Form shows an item with all directly linked items and optionally offers buttons and 
links for data input and setting privileges. The Tree View displays also indirectly linked items following 
specific links in a recursive manner. While these windows can display nearly all types of items, only time 
series values still need a special Series Display allowing listing and downloading tables of such data with 
the possibility to merge several series using the time column as common basis. 
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Fig. 3: Retrieval and Display Form 

4.2 Enter Data 
The input form is used to add items as well as to change them. It offers fields for the item and – depending 
on settings in the definition level – for directly and indirectly linked items. These can be edit fields or drop 
down windows.  

While manual input is acceptable for small changes, file upload is a more efficient way of getting data 
into the database, especially for file formats that are used frequently. File upload in this context means 
parsing the file’s content and translating it into items and links for subsequent creation in the database. 
Descriptions how to parse files and which items and links to create can be stored for each case separately, 
allowing great flexibility in the types of files to be processed. 

A second type of file upload stores complete files as such within the database system for documentation 
and later download. For this kind of archiving retrieval based on the contents of files is not supported, 
however. 
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