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Introduction 
 
Mapping of themes like building history, materials and damages is an important tool in understanding 
the history and condition of a building and for making restoration plans. There are many ways of 
undertaking such mapping and presenting the final maps - from manual methods (paper plans and 
pen), via simple digital systems (graphic programs) and advanced CAD-progams, to GIS-systems 
(Geographical InformationSystems). 
 
At Nidaros Cathedral we have since the early 1990s experimented with thematic mapping methods for 
stonework. Within the Raphael-project we decided to use a simple graphic method (Divisual®, based 
on Adobe® Photoshop®) for mapping the exterior facade of the SE-part of the choir.1 Why we came to 
this conclusion is described in Storemyr & Franz (2000). In this paper we will present the mapping  
 

 
Fig. 1: The two easternmost bays at the south facade of the choir was selected for thematic mapping in the 

summer of 2000. Photogrammetric plans provided by Downland Partnership (England) were used as base maps. 
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method used, as well as our practical experiences with the method. We will also draw some con-
clusions about actual themes and phenomena to be mapped in later campaigns (standards for mapping) 
and why we think of turning to GIS-systems in the future. We will not comment upon the actual 
findings made during the mapping campaign - these have not yet been properly evaluated. 

 
 

Mapping campaign 2000: Method and themes 
 
In order to rationalise the mapping, we initially planned to use a fully digitised production line for the 
2000 campaign. However, due to problems with the scaffolding and the moist Trondheim summer 
weather, we had to turn to a combination of manual and digital methods. In practice this meant that 
printouts of the excellent 1:20 photogrammetric stone-by-stone CAD-plans provided by Downland 
Partnership (England) were used as base maps for in-situ pen and pencil survey work (fig. 2). Later, 
the CAD-plans were converted to Photoshop-format and the field maps digitised in the office by 
drawing in Divisual®/Adobe® Photoshop® using a graphic tablet (see fig. 3 and Storemyr & Franz 
2000). An additional reason for undertaking manual surveys was that some themes could be quite 
rapidly mapped, implying that dragging a computer around at the scaffolding probably would have 
slowed down the process: Although a small part of the cathedral, the two easternmost bays at the south 
side of the choir have an area of as much as 200 m2. 
 

 
Fig. 2: Example of manual field maps, SE-part of the choir. Right: Medieval stones (brown) and stone mason's 
marks (mapped by Øystein Ekroll). Left: Joint mortars, light colours represent medieval mortars, while darker 

colurs represent mortars from 1869 onwards (mapped by PS) 
 
Actual themes and phenomena to be mapped have been contemplated, discussed and tested for several 
years, starting by the adaptation of German mapping systems in the early 1990s (Fitzner & Kownatzki 
1991; Arbeitsgruppe Steinzerfall und Steinkonservierung 1992; Storemyr 1992, 1997; Löfvendahl et 
al 1994). In the following tables (1 & 2) are shown which themes we have come down with for 
Nidaros Cathedral. It should be underlined that these themes represent what we could call research-
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based mapping, i.e. mapping primarily intended for analytical studies on building archaeology, 
materials and weathering. Later, it will be argued that this kind of rather advanced mapping is not 
necessarily needed for day-to-day restoration work. 
 

Table 1: Suggested themes for research-based mapping 
 

Theme Sub-theme 
Correction of photogrammetric recordings • Correction of photogrammetric recordings 

Building history 

• 
• 
• 
• 
• 

Building- and restoration periods 
Stone masons' marks and other inscriptions 
Dressing and carving marks 
Traces of paint 
Other details (e.g. scaffolding holes) 

Materials and constructions 

• 
• 
• 
• 
• 

Masonry types 
Stone types 
Mortar types 
Metalwork 
Water discharge systems 

Damages and weathering forms • Damages and weathering forms 

Restoration 
 
 

• 
• 
• 
• 

Proposed plan 
Revised and adopted plan 
Executed measures 
Monitoring of executed measures 

Long-term monitoring of weathering • Long-term monitoring of weathering 
 
 

We were not able to map all suggested themes in 2000, but had to concentrate on the most important 
ones. Thus, within each sub-theme we constructed categories based on phenomena to be mapped (tab. 
2). This process is part of a standardisation of categories to be used at the whole of the cathedral. 
 

Table 2: Selected phenomena for research-based mapping in 2000 (continues on next page) 
 

Sub-theme Category 

Correction of photogrammetrical recordings • 
• 

Removed joints/lines 
Inserted joints/lines 

Building- and restoration periods • Medieval stones in their original place (will be extended 
later to also including restoration periods) 

Stone masons' marks and other inscriptions 
• 
• 

Stone mason's marks 
Inscriptions 

Stone types 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

Øye chlorite schist (MA) 
Other chlorite schist (1880s) 
Trondheim soapstone (MA) 
Unspecified soapstone (1880s) 
Grytdal soapstone (1880s) 
Rogstad soapstone (1880s) 
Tilseth soapstone (1880s) 
Bjørnå soapstone (c. 1920) 
Gullfjellet soapstone (1980s) 
Bubakk soft soapstone (1980s) 
Bubakk hard soapstone (1980s) 
Hovin sandstone (1880s) 
Allmenningen marble (MA & 1880s) 
M = Marble columns observed on photos before 1880s 
? = Uncertain interpretation 

 3



 

Sub-theme Category 

Mortar types 

• 
• 
• 
• 
• 
• 

Lime mortar without pinning (MA) 
Lime mortar with pinning (MA) 
White conservation mortar (MA?) 
Lime cement joint mortars (1880s) 
Lime cement repointing mortars (1880s) 
Lime cement and cement repair mortars (later than 
1880s) (will be extended later) 

Damages and weathering forms 1) 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

Cracks in joints and stones 
Fissured stones 
Spalled stones 
Strong stone weathering 2) 
Strong scaling 
Weak stone weathering 3) 
Black crusts with stone weathering 
Black crusts without stone weathering 
Oxidised layers on stone 
Lime crusts 
Salt efflorescences 
Algae, lichen and moss 
Loose marble columns 
Fire marks  

Proposed restoration plan 

• 
• 
• 
• 
• 
• 
• 
• 
• 

Dismantling and rebuilding 
Dismantling and rebuilding (uncertain) 
Stone replacement 
Repair of marble columns (replacing cement by lead) 
Stone conservation (in-situ, direct conservation) 
Repair of downpipes 
Installation of gullies or gargoyles 
Mounting of metal protection 
Other proposals (repair of parapet, repointing, removal of 
lime crusts etc.) 

 

1)  Rate of weathering and whether the weathering is active or not is not considered in this mapping system. Such 
interpretations will have to be undertaken separately, after additional sampling and inveatigations etc. 

2) Strong stone weathering means that the "original" surface of the stone is completely unrecognisable due to weathering 
forms like granular disintegration, flaking, delamination etc 

3)  Weak stone weathering means that the "original" surface of the stone is partly unrecognisable due to weathering forms like 
granular disintegration, flaking, delamination etc 

 
Not yet complete, the above list is long and some phenomena are quite difficult to categorise and map 
- they require special competence and a very detailed knowledge of the cathedral; especially building- 
and restoration periods, stone types and mortar types. But although long, the list complies with many 
other mapping systems adopted throughout Europe, including the Skart-AutoCAD-system developed by 
Freiburger Münsterbauhütte/Messbildstelle (www.messbildstelle.de). Below, we will give some 
comments to each sub-theme mapped in 2000. 
 
Correction of photogrammetric drawings. A photogrammetric drawing always contains many small 
"mistakes". These have to be corrected by an in-situ survey, by removing incorrect lines and joints and 
inserting those not discovered during the photogrammetry process. 
 
Building- and restoration periods. Mapping of building history have to rely on a very detailed 
knowledge of the building because it involves interpretation and looking up written documentation 
and old photos. Until now we have only undertaken mapping of medieval stones in their original 
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place. A scheme for distinguishing different medieval building periods, post-reformation repairs and 
the various restoration periods and reconstruction works after 1869 will be developed later. 
 
Stone masons' marks and other inscriptions. Mapping of stone mason's marks can be relatively simple, 
and may be undertaken by drawing the outline of the marks (as we have done in the current 
campaign). However, a proper documentation of each mark have to involve accurate measuring, which 
may be done by e.g. photographic techniques or casting methods. Other marks and inscriptions can be 
documented in the same way. As with building history, the mapping of inscriptions can be hard, 
especially because it is not alway easy to distinguish between insignificant and significant "lines". 
 
Stone types (fig. 4). At the south facade of the choir there are some 12-15 distinguisable stone types 
(various soapstones and greenschists, sandstone and marble). Some stones are easy and and some very 
difficult to distinguish, but this task is nevertheless important because it helps understand building 
history and weathering phenomena. Categorisation must relay on a detailed knowledge of all the c. 60 
stones/quarries used for the cathedral and might involve sampling and petrographical analyses. 
 
Mortar types. Various mortar types, especially restoration mortars, can be even more difficult to map 
than stones, and the same comments as those given above (for stones) apply. 
 
Damages and weathering forms (fig. 5). A damage map can be made very detailed and complex, like 
systems developed in Germany in the early 1990s (Fitzner & Kownatzki 1991). At Nidaros we have 
decided to simplify quite a lot, because we have discovered that complex damage maps are almost 
impossible to read, very time-consuming to make and giving little additional information (as when 
compared to simple maps). Thus, the present categorisation is derived from Storemyr (1997) and 
involves some 13-15 phenomena. It should be emphasised that a damage map is only the first step in 
understanding weathering processes and rates. A full understanding must involve additional analyses, 
observation over longer periods of time and comparing the present condition with earlier states 
(photos, written documentation). Together, the damage maps and the additional analyses should result 
in proper risk analyses and give clues to the restoration plan. 
 
Proposed restoration plan (fig. 6). Having undertaken surveys and investigations essential for the 
understanding of history, constructions, materials and damages, one is ready to propose interventions. 
For the south facade of the choir we have distinguished between 8-10 main intervention types, from 
dismantling/rebuilding to mounting of metal sheets for protection. 
 
As mentioned above, the selected themes that were surveyed in 2000 is only a part of all possible 
themes to be included in a research-based mapping. The 2000 campaign must be regarded as a start on 
developing a standardised system for the whole of Nidaros cathedral -  a system that can be applied in 
advanced computer systems (see below). A very important feature, in addition to making clearly 
defined categories within each theme/sub-theme, is the standardisation of colours (CMYK) and 
patterns to be used. 
 
Final drawing and editing of the field maps produced in 2000 were done by taking advantage of the 
new layer system in Adobe® Photoshop® 6.0. We created folders for each sub-theme, scanned and 
adjusted the field maps in order to ease the final drawing, and drew each defined category on one 
defined layer (fig. 3). This extensive use of layers may seem complicated, but it is extremely useful 
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and helpful in editing maps and using the maps for analytical work later (switching on and off layers, 
varying the degree of transparency to be able to discover relationships between phenomena etc.) 
 
 

  
 

Fig. 3: Screen-shot of the working-area in Adobe® Photoshop® 6.0. We have made extensive use of layers 
(layers palette to the right): Each category has been drawn on one layer, which is placed in a folder for the 

actual sub-theme (stone types shown on picture). 
 
 

 

Practical experiences with the mapping method 
 
When having detailed knowledge of the cathedral and mastering Adobe® Photoshop® 6.0/Divisual® 
there are no great problems in undertaking the thematic mapping as we did in the summer of 2000. 
However, the surveying and drawing takes a lot of time: For the themes mapped in 2000 at an area 
covering 200 m2, we used two-three months (one person mapping building historical themes, another 
correcting the photogrammetrical drawings and mapping stones, mortars and damages, as well 
drawing the final maps). And we have not yet produced all the final maps. 
 
Since Adobe® Photoshop® 6.0 essentially is a pixel-based program, it can be hard to obtain nice line 
drawings from the converted photogrammetric CAD-plans. One has to experiment with line thickness 
and conversion settings in order to get the best results. 
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Fig. 4: Map of stone types. The map has been reduced from an original size of 45 x 60 cm (1:20, 100%, 
Photoshop-format, 300 dpi, c. 100 MB) to a print-version size of 16 x 21 cm 

(jpg-format, medium quality, 300 dpi, c. 0,5 MB) 
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Fig. 5: Map of damages and weathering forms. The map has been reduced from an original size of 45 x 60 cm 
(1:20, 100%, Photoshop-format, 300 dpi, c. 100 MB) to a print-version size of 16 x 21 cm 

(jpg-format, medium quality, 300 dpi, c. 0,5 MB) 

 8



 

 

Fig. 6: Proposed restoration measures (not revised). The map has been reduced from an original size of 45 x 60 
cm (1:20, 100%, Photoshop-format, 300 dpi, c. 100 MB) to a print-version size of 16 x 21 cm (jpg-format, 

medium quality, 300 dpi, c. 0,5 MB) 
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Another experience made during the work is that we were probably over-optimistic one year ago when 
we suggested that Adobe® Photoshop® /Divisual®-mapping system could be used by persons with little 
knowledge about computer programs (Storemyr & Franz 2000). In the meantime we have realised that 
this is not possible, at least not before a complete, standardised system, including efficient, user-
friendly plug-ins and macros have been developed. In addition to mastering several quite complex 
features in Photoshop, using such a graphic system demands good knowledge of computers in general: 
lay-out and design work, file-formats, converting CAD-files, integrating final maps in other programs, 
distributing maps etc. Moreover, good maps are dependent on good survey work, and for good survey 
work one needs people able to observe and with a good knowledge about the features and phenomena 
to be mapped. 
 
Thus, we have realised that human resources are as important as a nice and flexible graphic mapping 
system, such as Adobe® Photoshop®/Divisual®. However, this insight should be applicable to all kinds 
of advanced "mapping" programs, whether they are pixel- or vector-based. In fact, it is probably more 
difficult to master vector-based systems. 
 
 

Future mapping campaigns: Distinguising between restoration and research 
 
Based on experiences made in 2000, we have discussed how to undertake mapping campaigns for 
restoration planning in the near future. We have realised that the full research-based system described 
above is not necessarily the best way to proceed. This is partly because it takes a lot of time to carry 
out mapping of all themes mentioned above and partly because we usually have enough knowledge for 
proposing a sensible restoration plan without undertaking advanced mapping: We should not end up in 
the paradoxical situation that the building weathers away while we are happily mapping! 
 
The ideal situation would of course have been that a full, research based mapping could be undertaken 
a couple of years before restoration commences. However, given the fact that both mapping and 
restoration are dependent on good and very expensive scaffoldings (a cathedral is a large building!), it 
is in practice not always possible to work like this. Thus, we have to ensure that themes absolutely 
necessary for the accomplishment of the restoration are mapped and evaluated before the work starts. 
Less important themes from a restoration point-of-view, but crucial for documentation and research 
purposes can then be mapped by competent people while restoration work is going on and a good 
scaffolding is at hand. 
 
Below we have suggested a minimum standard for themes to be mapped before restoration 
commences. The basic idea about this scheme is that medieval and reconstructed stonework will have 
to be treated differently. For instance, there is clearly a need to undertake extensive stone replacement 
at reconstructed parts, whereas this is not required and will generally not be allowed at medieval parts 
(see the overall, preliminary restoration plan by Storemyr & Lunde 1998, as well as the minutes from 
the Raphael-seminar in June 2000, in this volume). 
 
Thus, the minimum standard (see tab. 3 below) should require that facades are surveyed by building 
archaeological expertise and "forbidden" areas marked on the plan (these areas are normally, but not 
always, identical to medieval stonework). Likewise the standard should require that proposed and 
executed restoration measures are thoroughly documented. Moreover, one cannot restore before 
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having an idea about the causes of the damages; therefore a full damage mapping, followed by 
necessary investigations, sampling and analyses have to be carried out, and a risk analysis presented. 
 

Table 3: Minimum standard for themes to be mapped before restoration commences 
 

Theme Sub-theme 
Correction of photogrammetric recordings • Correction of photogrammetric recordings 

"Forbidden" areas • 
• 

Medieval stonework 
Other sensitive areas  

Materials and constructions • (Not yet determined) 
Damages and weathering forms • Damages and weathering forms 

Restoration 
• 
• 
• 

Proposed plan 
Revised and adopted plan 
Executed measures 

 
It should be underlined that this scheme is a proposal that will have to be discussed within the 
workshop and with representatives of the Directorate for Cultural Heritage. It should also be discussed 
how to fit potential "delicate" stone conservation measures, especially at medieval stonework, into this 
scheme. We know by experience that such conservation measures require special documentation 
standards, therefore we should think in terms of developing such a standard for Nidaros cathedral too 
(could be part of a regular monitoring system for medieval stonework/decoration). 
 
 

Outlook: Turning to GIS-systems 
 
The mapping method used at the south facade of the choir and presented in this paper (Adobe® 
Photoshop®/Divisual®) is probably more than good enough when the aim is to produce plain maps, 
which are not integrated in a larger documentation system. 
 
However, as mapping and restoration campaigns proceed, thousands of photos collect and enormous 
amounts of information is gathered through other investigations and analyses, one quickly realises the 
need to "bind" the documentation together in a combined digital archive- and presentation system, 
which in practice means a GIS-based system.  
 
The Workshop has no experience with such advanced systems, but has tried a very simple, static 
"GIS-method" for the documentation of recent restoration work at the Stavanger Cathedral Choir. In 
this system we simply converted all maps, text, photos and databases into pdf-format (Adobe Acrobat) 
and linked the c. 1000 documents together (Storemyr, ed. 2000). This way of storing and presenting 
data worked just fine for a restoration work that was already finished - there was in other words no 
need for a dynamic system, which can be easily updated and expanded whenever it is needed. 
 
For the restoration of Nidaros cathedral we clearly need a dynamic GIS-system. And this should not 
be too difficult to realise, as the basis of such a system has already been prepared (within the Raphael-
project). This basis is a 3D-coordinate system for the whole cathedral, to which the photogrammetric 
CAD-recordings are linked and to which it should also be possible to link scanned and vectorised 
stone-by-stone manual drawings (for building parts at which it is not possible to undertake 
photogrammetry). All CAD-drawings will also have to be made object-oriented. 
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Within such a system it will no longer be reasonable to make pixel-based thematic maps. Such maps 
will have to be prepared in CAD-programs, following the standards we are about to develop and 
which are presented in this paper. 
 
Moreover, we will have to develop necessary databases to be integrated in the system. Such databases 
should for example include: 
 

• 
• 
• 
• 
• 
• 
• 

Observations and descriptions related to the different mapping themes 
Samples and analyses 
Photos and sketches 
Comments to the restoration plan and executed measures 
Materials used for restoration measures 
Information related to expenses and time used for restoration measures 
Planning and execution of "normal" maintenance 

 

In addition, it would be desireable to integrate reports developed during investigation work, as well as 
historic documentation (archive material) in the system, especially photos, former restoration 
measures and good descriptions of the state of the stonework in different periods (where available). 
 

One system that could fit our requirements is a Norwegian GIS/CAD-system called "Jonathan", which 
is developed for management and maintenance of buildings and similar objects (see www.datec.no). 
 

If selecting this or a similar system in the future, there is a wide range of questions and problems to be 
solved. But we have already learnt a lesson from our simple digital projects: When "going digital", the 
most important resources are neither powerful computers, nor fancy programs, but people able to deal 
with digital data and presenting them in an understandable way for the users.  
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1 Divisual® Mapping System is developed by Andreas Franz (www.restaurierung.ch or www.divisual.net). The 
system is fully based on Adobe® Photoshop® (www.adobe.com) 
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