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Introduction
The article is dealing with the topic of structural and technical generational change in an
archaeological Dendrolab and first basic results from the pilot scheme are presented.
The Laboratory of Dendroarchaeology at the University of Cologne is a close partner of the cultural
heritage services in North Rhine-Westphalia. Since 1972 about 50,000 digital dendrochronological
measurements, mostly from archaeological timbers, were stored in binary coded single data files in
different directory structures on the lab’s computers. The files contain a short header followed by
the sequence of year ring distances. All of the other metadata are stored on paper archived in ring
binders. This heterogeneous storage structure requires time-consuming preparations for scientific
analysis.
In 2008 the single binary data-files were converted into single ASCII text-files stored in a key
number-based directory structure. Simultaneously the data were transferred into a preliminary
SQL-database. These two steps were a first data backup that allowed an easy access to the
formerly proprietary data. The next step was to find out which data structure will suit a modern
scientific database that contains both all existent digital and analogue (meta-) data and that is open
for additional information.
For this purpose in 2010 a pilot scheme was started focussing on the dendrodata of timbers from
archaeological excavations in the open cast lignite region in the Rhineland (Fig.1).
In 2011 we switched to the Windows-based software TSAPWin Professional for our daily
dendrochronological measurements and analysis. At the same time we transferred the old
measurement data from ASCII text-files to the Heidelberg format structure. But most metadata are
still on paper.
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Figure 1: The lignite mining area of the Rhineland and its open cast mines Garzweiler, Hambach and Inden
(shaded areas, including recultivated open cast pits).

Initial situation at the Dendrolab Cologne
The former system of data storage comprised analogue and digital data. The analogue metadata,
printed and handwritten, are archived in about 150 folders. Some of these metadata are stored
separately from the tree ring series in an MS-Access database with 15 data fields per record to
allow some comfort in data access. The associated measurement data of tree ring series was
stored in binary files, one file per series, which allowed only for a small amount of metadata to be
saved. The backup of these series comprises about 100 floppy discs (5¼”).
The setup of a database containing all existing information on each measurement was essential to
escape from that uncomfortable and unsafe situation. At the same time the data recorded with
TSAPWin since 2011 must be integrated too. So our approach is not only to transfer the previous,
partly analogue data into a digital future. We also need new structures for the digital recording of
timbers that arrive from current excavations. The structure and function of the new database
should be tested in a pilot project before all of the lab’s data would be transferred to it. We chose
the archaeological dendrodata from the lignite mining area of the Rhineland (Fig. 1). Their revision
and integration into a database would at the same time sharpen our structural demands and
ameliorate the data.
Data of the pilot scheme
During the past 40 years about 1,600 archaeological wooden elements from excavations in the
mining area were sampled and examined at the Dendrolab Cologne (Diethelm 2012). At 31% of
these elements it was impossible to measure the ring distances because the wood was damaged
in some way. But more than 1,000 elements were measured, resulting in nearly 1,800 tree-ring
series (radii) and 533 dated elements. So roughly the half of the measured elements is dated (Fig.
2). This is the pool of dendrochronological data that is to be revised. We hope to raise our
proportion of dating in the course of the revision. Information as to the proportion of successful
dendrodating is rare in literature. Schweingruber suggests that a maximum of 66% of all delivered
samples can be dated (Schweingruber 1983:87).

Scientific Technical Report STR 13/05
DOI: 10.2312/GFZ.b103-13058

Deutsches GeoForschungsZentrum GFZ

148

Frank et al. (TRACE Vol. 11)

Figure 2: The ratio of measured to unmeasured elements (left) and the ratio of dated to undated elements
(right).

The chronological distribution of the 533 dated elements in the past 2,000 years is erratic (Fig. 3).
The ordinate of figure 3 shows the number of dated elements whose latest tree rings end in the
same calendar year. Although the lignite mining area is an archaeologically well studied region,
there are periods where the number of dated elements per year is very low or no timbers are
available at all, resulting in dendrochronological gaps.
There is a badly represented period from the late Antiquity to the Migration Period (AD 230-500), a
dendrochronological gap well known for large parts of Western Europe (Fig. 3). In this span of 270
years a total of only 21 dated elements exist. 15 of these elements come from the same
archaeological site and cover 50 years from AD 340-390. Another gap covers the period from the
Early to High Medieval times (AD 650-1250). There are several reasons for these poorly
represented periods in the dendrochronological calendar. In the lignite mining area of the
Rhineland it is a mixture of cultural and environmental factors which cause a poor replication in the
reference-curves too.
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Figure 3: Chronological distribution of dated elements (n=533) from the lignite mining area of the Rhineland.

Demands of the data base
In 2010, when the project started, we set up the following demands for the database:
 Maintenance of old and new data in the same structure
 Storage of old data in their original condition (library / backup)
 Storage and analysis of dendrochronological measurements and their metadata including
information on the location of the archived samples
 Application of an “easy to learn” open source software (easy access and cost reasons)
 Systematic software updates and backups
At the same time other dendrochronologists were facing similar data base problems especially
concerning the handling of metadata in an exchangeable way (van Lanen & Jansma 2009, Jansma
et al. 2010, 2012a, b, Brewer et al. 2011).
Accessing the metadata has become more important in the past years. For storing and accessing
metadata TRiDaBASE was developed recently (Jansma et al. 2012). But we want to store
measurement data along with their metadata in the same structure and later on also the average
curves and chronologies shall be integrated. So TRiDaBASE does not really suit our needs.
In our work environment it is also important that the database serves multiple users. Another
important criterion is the possibility to port the database to another operating system or even
another database system one day. Although at the moment the Dendrolab Cologne uses MSWindows as the primary operation system, we want to stay open for future changes. This led us to
the conclusion that an SQL based database might be best suited. It is available as open source
software, it has a relatively simple syntax which is semantically close to English and it is a powerful
and proven tool to depict complex data settings and execute even comprehensive queries. We
decided in favour of the widely used and free of charge MySQL database. This decision was
strongly supported by the facts that the Computing Centre at the University of Cologne (RRZK)
offers MySQL with a phpMyAdmin administration plus software support, maintenance, updates and
backup facilities. At the end of the project we will consider publishing all database relevant
information.
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Dating in Dendroarchaeology
Timbers from archaeological excavations are mostly modified by man. That is why sapwood is
seldom and elements with preservation of a waney edge are very rare. Due to the anthropogenic
modifications several elements of an object may have different last years. Dating in
Dendroarchaeology generally pursues the goal to date the onset and lifetime of an object which
may have many elements in terms of Jansma (2010:101-102). But in contrast to Jansma (2010) in
the Dendrolab Cologne the multiple sampling of an element is not documented by multiple sample
numbers. All pieces taken from the same element are treated as the same sample and they have
the same sample number. The radii measured are continuously labelled with small letters suffixed
to the sample number. We admit that in doing so it is not possible to identify the position of a radius
within an element. But in our workflow it has no practical meaning to differ between several slices
of wood (Jansma’s ‘sample’) cut from the same element. For us the element’s felling date is most
important. The way to that goal has three levels. The first one is the date of the youngest
measured ring for each radius. The second level is the date of the element. That means all radii
and their dates are drawn into consideration along with statistical data on expectancy of sapwood
rings (in the absence of a waney edge) to achieve a felling date. The third level is particularly
important for archaeology. It holds the dates of onset and lifetime of an object. For example a
wooden well, the object, has many elements, boards, and their earliest felling date will probably
represent the onset of the construction while the youngest felling date may represent the latest
modification or repair. The aforesaid conditions affect the design of our dendroarchaeological
database.
Database Design
In 2010 Jansma et al. present their universal data model TRiDaS for exchanging
dendrochronological data and metadata. The authors point out the distinction between a datatransfer standard and a data-storage standard (Jansma et al. 2010:101). They recommend a local
database to store the administrative and specific data of the Lab.
Of course the design of our database aims at a user-friendly handling for everyday use. The
concept is adapted to timbers from archaeological excavations and dating of frame houses.
Therefore it makes no sense to provide attributes that will never be used, like sprout year, slope
angle or soil depth.
We also want to hold all information in a single database to avoid any additional work steps. That is
why we designed an ‘active section’ and a ‘library section’ in this database (Tab. 1). While the first
one holds the revised old data and the new data in the same table structure the second is just a
backup to archive the old unaltered data from the single binary files.
As the basic concept of relations between data entities in the TRiDaS data model corresponds
mostly to our demands we adopted parts of it to our ‘active database’. Its basic structure contains
five layers (Tab. 1).
The first layer ‘project’ contains administrative information like customer, contact person and
addresses.
The second layer ‘object’ is the assignment layer. In most cases this is information on the delivery
of elements from an excavation or from the roof framework of a building. This is a
dendrochronological object in our view. Geographical information is located in this layer as well.
The third layer ‘element’ is our sample layer. Independent from the amount of pieces cut from one
element they all receive the same sample number (see chapter “Dating in Dendroarchaeology”
above). The metadata related to them are stored here.
The fourth layer ‘radius’ contains information on a radius like its quality, number of sapwood rings,
waney edge.
The fifth layer ‘value’ simply holds the information of year ring widths of each radius. Its index, ring
positions and ring widths are stored here.
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Table 1: Structure of the SQL-database organized in five layers. The terms of the entities are analogue to
Jansma et al. 2010.

Revision and Database Input
As already mentioned it is one important criterion of this project to backup the original and
unaltered data from the old binary files in the ‘library section’. They are the base for the step by
step revision of all data of the Dendrolab. After revision they are stored in the ‘active section’.
During the manual input the information from different sources is revised and corrected if
necessary and it is completed with further metadata, for example geographic coordinates.
Preliminary scientific results
Now, after running the project for 18 months, the revision of the data arise a first result. At first
check of the revised data it was possible to reduce the gap between the late Antiquity and the
Migration Period. (cp. Fig. 3 and 4). In this period we now can date around 25% of the former
undated tree ring series. They helped to fill in the gaps from AD 300-340 and from AD 390-500. In
future we hope to fill up the remaining gap AD 230-300 completely.
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Figure 4: Replication of tree ring series dated AD 150-600 (last rings) from archaeological timbers excavated
in the lignite mining area of the Rhineland.

Next the setup of regional chronologies will be started. In addition we will test statements
concerning the forest management in Roman Period following the work of Billamboz & Köninger
(2008) and Billamboz (2009).
This initial success by the revision of the data from the lignite mining area emphasizes the
importance to ensure and revise the whole data set of the Dendrolab Cologne.
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