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An Experiment in Dating Documents
through the Analysis of Watermarks: The
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Summary: The systematic application of dating methods through the analysis of
watermarks in a large number of documents not only requires the automation of
comparison procedures (i.e. the matching of identical or almost identical water-
marks), but also necessitates the rigorous and effective processing of evaluation
criteria, the validity of which can be confirmed through statistical analysis. With
this objective in mind, the present contribution sets forth the very encouraging
results of an experiment conducted on examples of the letter ‘P’ collected in the
WILC database (Watermarks in Incunabula printed in the Low Countries), which
should facilitate the dating of a large percentage of early printed editions within
a margin of error of less than t + 12 months.

1 Problems associated with dating documents
through watermarks

Leaving aside the physico-chemical procedures currently employed in the field
of archaeology, the dating of documents through the analysis of watermarks is
perhaps the only method based on objective criteria that can be applied in the
sphere of the human sciences, despite being susceptible to an inevitable degree
of inaccuracy. Although its application is necessarily limited to paper-based doc-
uments produced in the West in the Late Middle Ages, the method appears to hold
great potential, given on the one hand the tens of thousands of undated manu-
scripts and printed books conserved in libraries, and on the other the remarkable
degree of accuracy that seems, in theory, to be achievable.

Translated from the Italian into English by Mark Livesey. Original published as Ornato, Ezio
(2004), ‘Un esperimento di datazione tramite le filigrane : Le “lettere P” negli incunaboli dei
Paesi Bassi’, in Graziaplena, Rosella, with the assistance of Mark Livesey (eds), Paper as a Me-
dium of Cultural Heritage: Archaeology and Conservation. 26" Congress IPH, Roma: Istituto cen-
trale per la patologia del libro (Addenda, 5), 225-242.

3 Open Access. © 2022 Ezio Ornato, published by De Gruyter. This work is licensed under the
Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.
https://doi.org/10.1515/9783110743838-007



184 —— Ezio Ornato

Yet, despite their undeniable potential, the methods used for dating docu-
ments through the watermarks they contain have never been applied on a large
scale. Furthermore, even when such methods are used in individual cases, the
datings obtained do not have any independent value—indeed, their currency is
always subordinate to the results obtained through philological and palaeo-
graphical studies, so even at the best of times they only constitute supplementary
evidence. It is scarcely necessary, then, to underscore the fundamentally unsci-
entific and risk-laden nature of such methods: the concordance of doubtful con-
clusions does not, per se, increase their accuracy, since the margin of error is not
quantified. Several reasons behind lie behind this paradoxical state of affairs,
which are as follows:

— Comparison procedures are onerous and have to be carried out by hand on
multiple catalogues.

— The chances of finding watermarks that are identical to the one being dated
are slim.

—  Working methods are of low accuracy and have not been significantly im-
proved on since Charles-Moise Briquet first presented the fundamentals of
his approach in the early twentieth century.

— The potential for making serious errors exists, due to the impossibility of es-
tablishing reliability criteria that are statistically quantifiable.

Is it possible, then, to proceed any further? Happily, the answer to this question is
in the affirmative.

In 1996, at the IPH congress held in Leipzig, the Progetto Carta collective!
proposed a comparison and dating method based on morphometric criteria—i.e.
type and size of watermarks—applied to a corpus of ‘scales enclosed within a cir-
cle’ specimens surveyed in the inventories of Briquet and Piccard, but above all
in a corpus of a few dozen Venetian incunabula studied during the course of Pro-
getto Carta itself.” If the results obtained from the inventories had already proved
quite satisfactory, the datings of printed books delivered highly accurate re-
sults—to within + 1 year in the best cases—with a margin of error of less than 5%.

The conclusions reached through the experiment conducted on the ‘scales
enclosed within a circle’ probably appeared a little too optimistic to some schol-
ars, chiefly because of the chronological distribution of incunabula included in
the corpus, which was heavily concentrated on the years 1493 to 1494, and

1 Concerning this research project, which was instigated by the ex-director of the Istituto Cen-
trale per la Patologia del Libro in Rome, see Ornato et al. 2001.
2 Ornato et al. 2000, 61-75.
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therefore tended to minimise the variation between estimated and actual num-
bers. The new experiment—which no longer focused on the ‘scales’ watermark,
but instead on the letter ‘P’ in a corpus of incunabula widely distributed over the
last three decades of the 15" century—confirmed, and even improved on the re-
sults obtained in the previous experiment.

The experiment was only made possible thanks to the existence of a new da-
tabase—WILC (Watermarks in Incunabula printed in the Low Countries)—which
now contains more than 4,500 watermarks harvested from incunabula of the Low
Countries (in the broad sense, i.e. Belgium and Holland). The databank was de-
veloped by Gerard Van Thienen, and supported by the Koninklijke Bibliotetheek
in The Hague. Reproductions of the watermarks, most of which are radiographs,
have been made freely accessible to scholars on the library’s website.? The data-
bank presently contains more than 1,700 letter ‘P’ watermarks.

Apart from the strictly watermark-related aspects of the database, it should
be emphasised that WILC represents a very rich virtual source of knowledge and
information, just as much on Western paper as on the ‘primordial’ days of the
printed book. A visit to the website, where the purpose and characteristics of the
database are clearly explained, as well as, of course, instructions for its use, will
certainly be more worthwhile to the reader than any written description. Without
getting lost in minutiae (which in any case are often pointless, given the existence
of images), suffice to say that WILC adopts an approach precisely opposite to that
of Piccard’s catalogue, which is very rich in images but equally poor in providing
information on the characteristics of watermarked leaves. In fact, the Dutch web-
site provides a wealth of indispensable information for the benefit of scholars,*
added to which is all the relevant data concerning the particular incunabulum
that the leaf originates from.> When an exact date is not provided, a rough esti-
mate is made, together with a justification for it.

But there is more: Gerard Van Thienen had already embarked on the monu-
mental and painstaking task of comparing a large number of watermarks by
hand, work which led him to establish some ‘equivalents categories’ (about

3 https://watermark.kb.nl/page/index/title/Introduction (last access 07/09/2021).

4 Identification of the imprint side (i.e. the side of the sheet that was in contact with the woven
surface of the mould during the manufacture of the sheet), which makes it possible to determine
the position of the watermark on either the right- or left-hand side of the mould; the orientation
of the motif in relation to the vertical axis in the presence of asymmetry (the ‘belly’ or ‘bowl’ of
the letter ‘P’) on the right or on the left; the gap between two chain lines where the watermark is
located; the distance between the chain lines that surround the watermark; and finally, the
height of the watermark itself.

5 Format, place and date of publication, information about the printers.
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which more will be said later on) which group together watermarks that appear

to be identical, or are at least very similar. This important preliminary contribu-

tion made it possible to provide considerably more detailed verifications than
had been possible in the experiment on the ‘scales enclosed within a circle’ motif.

All methodological verification experiments on the dating of documents
through the watermarks they contain are based on a simulation procedure: the
assumption is made that the date of a given sheet containing a watermark is un-
known, whilst in reality it is, in fact, known, thus making it possible to confirm,

a posteriori, the accuracy of the estimated date.

In broad terms, the following steps are required in order to carry out the sim-
ulation procedure:

— The establishment of a ‘reference group’, which is to say a corpus of water-
marks of sufficient size so as to be significant.

— The definition of a gauging criterion to establish the similarity—or more eas-
ily, dissimilarity—between two watermarks, to be represented by a quantita-
tive index.

— The application of the gauging criterion to all the watermarks contained in
the corpus. In practice, this involves comparing each watermark in the cor-
pus with all the others. If N is the size of the corpus, a total of N x (N-1)/2
comparisons have to be carried out.

— For each comparison, two pieces of data are obtained, namely an index of
dissimilarity (or ‘morphometric gap’), and a ‘chronological gap’, which is to
say the difference in absolute terms between the dates of the two documents
containing the watermark.

— The statistical distribution of the chronological gaps in relation to the mor-
phometric gaps will show the probability that, for a morphometric gap ‘MG’,
the chronological gap ‘CG’ will be either higher or lower than a predetermined
value.

—  The assumption is made that the results obtained through the simulation car-
ried out on watermarks whose dates are known (i.e. in dated books and docu-
ments) are equally valid for watermarks whose dates are unknown. In other
words, for a given ‘MG’ value, it should be possible to deduce the likelihood
that the unknown date of a watermark lies within the time range arrived at ex-
perimentally, for that value, in the reference group whose date is known.

The above being said, both the dating procedure and the simulation experiment
have to be carried on the basis of some specific criteria. The fundamental postu-
late that guarantees the validity of the method is the fact that two sheets of paper
originating from one and the same mould, but which appear in different written
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documents, cannot, statistically speaking, be very distant from each other in
chronological terms. In fact, the average ‘CG’ among the various attestations is
dependent on the duration of the mould’s ‘usage cycle’ (i.e. the length of time it
was in service), and the duration of the ‘consumption cycle’ of the paper pro-
duced from it (i.e. the timeframe within which all the sheets made with that par-
ticular mould were consumed).

These two parameters—which can vary over time, and also in synchrony ac-
cording to different rates of consumption—jointly determine the maximum theo-
retical degree of accuracy that the method can achieve when one is estimating
the date of a sheet devoid of chronological data. However, since a document to
be dated is not usually composed of a single sheet of paper but instead consists
of an entire volume, the level of accuracy achieved by examining a single sheet
can be increased when one and the same volume is made from sheets that ema-
nated from different moulds. The concomitant presence of different sheets within
one and the same stock of paper necessarily lasts a shorter length of time than
the consumption cycle of each of the individual sheets.® In particular, it should
be emphasised that a document’s date cannot be set earlier than the moment in
time when the most recent mould (represented by the sheets emanating from it)
entered the production cycle.

A second postulate—whose significance has already been confirmed during
the experiment performed on the ‘scales’ motif—presupposes that, even in the
absence of a perfect match, the ‘similarity’ between two watermarks is, within
certain limits, negatively correlated to the average chronological gap between
their attestations in different volumes: in other words, the more two watermarks
resemble each other, the more their attestations tend to be chronologically close
to each other.” This second postulate makes it possible to justify the use, in the
dating procedures, of non-identical watermarks, and also makes it unnecessary
to worry about knowing in advance whether or not two watermarks are identical.®

6 The principle had already been well understood and applied by Briquet; see Briquet 1968
(1907).

7 Needless to say, this does not imply the opposite, which is to say the more different the water-
marks are, the more chronologically distant from each other they will be.

8 It should be borne in mind that in cases where similar watermarks were used contemporane-
ously on different moulds employed in the same paper mill, the accuracy of the estimate will be
almost the same as that in a situation where the watermarks are identical. If, on the other hand,
one is dealing with watermarks sewn on to moulds scattered over the same time vector (i.e. new
moulds which substituted their worn out predecessors), the level of accuracy will clearly be
lower. The problem here is that one is not normally able to differentiate between the two
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If one were able to have at his or her disposal a ‘perfect’ database containing
all the attestations of each and every occasion a particular mould was utilised
over a period of time, the level of accuracy achieved by the dating method based
on watermarks would in every instance match the theoretical maximum degree
of accuracy. For a single watermarked sheet, this would depend on the length of
time the usage and consumption cycles lasted. For an entire volume, it would
also depend on the number of different sheets present in the document to be al-
located with a date.’

Alas, the aforementioned ‘perfect’ database does not exist. This is principally
because such a database simply cannot exist, given the vast number of sheets of
paper that have been lost over the course of time. However, if one considers the
methods currently employed in the field of statistics, it goes without saying that
it would not in fact be necessary to have at one’s disposal all the attestations
which have ever existed. Instead, for each mould, a sufficiently representative
number, which is to say the number that would be necessary in order to allow
one to reconstruct (in an accurate way) the chronological distribution curve in
question, would suffice.

In all likelihood, even in the best of cases this criterion could never be fully
satisfied—indeed, in order to obtain a reliable curve, it would be necessary to
have at one’s disposal at least thirty independent attestations for each mould.
However, if one considers that the total production emanating from a single
mould approached a million sheets, it is quite likely that at least one dated attes-
tation of every mould used in the paper mills still exists today and, not infre-
quently, a relatively large number of attestations exist. One has only to consider
the fact that Theo Gerardy did not have too much trouble in identifying all the
alternating moulds that were used over a period of more than a hundred years at
the Arensberg paper mill.® On the other hand, the comparisons carried out by
Gerard Van Thienen demonstrate that one and the same watermark can appear
at least ten times in different editions, and to these attestations can be added
those originating from archives. All this leads one to deduce that for each ‘un-
characterised’ sheet (i.e. a sheet not endowed with a date and geographical

situations, except for when one is dealing with obviously ‘twin’ watermarks (a situation, moreo-
ver, which is not always easy to identify with the utmost certitude).

9 For a given watermark, the chronological distribution curve for attestations will be strikingly
asymmetrical. It will rapidly reach a maximum when the mould ceases to be serviceable, and
therefore to supply the market. Subsequently, the curve shows a gradual diminution and heads
towards zero little by little as the stocks in circulation gradually dwindle.

10 See Gerardy 1964.
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origin), somewhere or other at least one corresponding characterised attestation
must exist, which should, in theory, make at least one verification possible.

It is fairly obvious that the best approximation (in concrete terms) of the orig-
inal situation, which is to say all the individual attestations of use that are cur-
rently known, would in itself be sufficient to produce datings within a time range
very close to the maximum accuracy permitted by the method. Needless to say,
we are very far from enjoying this ideal situation. The ‘watermark universe’ which
is currently available to us in the form of reproductions—the bulk of which, un-
fortunately, consist in tracings—is still inadequate, and indeed would remain so
even if one succeeded in combining in a single database all the material surveyed
up to the present, both published and unpublished.

If the accuracy of dating depends on the objective factors listed above, which
are bound by insuperable limits and are entirely independent from the wishes of
scholars, it also depends on the richness of the dated reference group of compar-
ison and its geographical and/or chronological relevance with respect to the ma-
terial to be dated. Unlike the former, these latter factors are dependent on human
initiative. If the gridwork in the reference group points to consumption areas
which lie outside those relevant to the document to be dated, the number of ‘ef-
fective’ comparisons (i.e. those which correspond to morphometric gaps that are
sufficiently small) will rapidly diminish, whereas if the gridwork is too wide, their
quality (i.e. the degree of similarity revealed between the watermark to be dated
and those present in the reference group) will decrease.

Consequently, even when the material to be dated corresponds perfectly, on
the chronological level, with the reference group, the accuracy and reliability of
a dating can never exceed the limits set its richness, and therefore what we can
define as the ‘degree of internal datability’. This ‘degree of internal datability’ can
be ascertained through experimental tests; indeed, the results of such tests are
used to define the efficacy, reliability and accuracy of the dating procedure.

How, then, does the ‘degree of internal datability’ test work? We have already
seen how a comparison with all the watermarks in the reference group makes it
possible to determine the statistical distribution of the chronological gaps ‘CG’,
corresponding to the different values of the morphometric gaps ‘MG’. The said
distribution can be represented by a cumulative frequency curve, which at the
same time will define the accuracy of the dating and its reliability.

For example, let us suppose—needless to say, we are dealing with fictional
values—that the ‘MG’ category is 0—5, and that 90% of the ‘CG’ falls within the +6
months range, while 95% falls within the +12 months range. This means that if
the comparison between an undated watermark and one or more watermarks in
the reference group produces an ‘MG’ that ranges from 0-5, one can state that its
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probable date is the same as the comparison watermark +12 months, with a bilat-
eral margin of error of 10%. However, if the ‘MG’ value is higher, in the range of
6-10, the experimental test will necessarily produce less accurate results, e.g. +18
months, with a margin of error of 5%. Finally, if the ‘MG’ value is even higher—e.g.
ranging from 20-30—the level of accuracy will fall to +84 months, and therefore the
comparison will be practically useless for the purposes of dating.™

The advantage of this empirico-statistical procedure is that on the one hand
it provides the possibility of automatically deciding whether the results of the
comparison between two watermarks are usable for dating purposes, and on the
other that of quantifying—and adjusting according to one’s needs and specific
concerns—the accuracy of dating and margins of error. Once the characteristics
(in due course we shall see which) of a watermark are fed into the computer and
automatically compared with all the others in the reference group, and the results
then evaluated against the dated material within that group, the researcher has
nothing further to do, other than, if necessary, interact with the options proposed
by the software.

2 An experiment in dating on the ‘WILC-Letter P’
corpus

The journey towards the ‘promised land’ is, however, full of pitfalls. The first prob-
lem to tackle consists in obtaining, with as little wasted energy as possible and the
maximum degree of accuracy, an ‘MG’ measurement that has the necessary char-
acteristics. Given that no procedure currently exists (despite ongoing research into
the same) which makes it possible to automatically define the morphological and
dimensional properties of two drawings, whilst at the same time providing a nu-
merical assessment of their degree of similarity, one is constrained to work in a
purely manual way. Such an approach is hampered by severe constraints.

A necessary condition for two watermarks to be judged identical is that they
be exactly superimposable upon each other. Using software that enables one to
manage different ‘levels’ makes it possible to manually confirm that two motifs
can be precisely superimposed upon each other. However, the manual

11 This degree of accuracy is achievable using other methods, above all when one is dealing
with printed editions.

12 The ‘levels’ can be defined as two or more ‘strata’ of the image rendered ‘transparent’ by the
software. The ‘levels’ can then be superimposed on each other so as to form a single image.
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procedure—which is useful for confirming the results of research aimed at group-
ing together different attestations of an identical watermark—is a long and
drawn-out process when it has to be systematically applied to hundreds of differ-
ent watermark designs. On the other hand, it is impossible to easily, objectively
and rapidly measure the morphometric gap ‘MG’ when two images cannot be ex-
actly superimposed upon each other.

The most practical solution consists in avoiding a graphics-based approach,
and instead employing a numerical and dimensional representation of the water-
mark in question, consisting of a series of dimensional measurements. The com-
parison between two numerical representations will provide, ipso facto, an imme-
diately usable morphometric gap. For a given watermark motif—such as the letter
‘P’—in the preliminary phase a certain number of key points are pre-selected whose
reciprocal positions are then measured in all the watermarks to be compared. Need-
less to say, it is necessary for the key points to be fairly numerous in number so as
to minimise the risk of chance matches, but at the same time there should not be
too many of them in order to avoid hampering the measuring procedure.

In theory, the ideal approach would be to compare the coordinates of one and
same point in relation to a fixed reference point in two variants of a particular wa-
termark design.” The weakness in this type of approach lies in its vulnerability to
two phenomena that often affect watermarks, namely their rotation around a geo-
metric barycentre and their ‘drift’ towards one of the two adjacent chain lines. An
alternative procedure, which is simpler and quicker to carry out, consists in meas-
uring a certain number of arbitrarily pre-selected spaces between pairs of
points—always the same ones, of course. However, the latter method is less selec-
tive than the former.!* In order to measure the gaps between each pair of points—10,
for example—it would be necessary to make 45 measurements, which besides (ob-
viously) being impractical, would of course result in a large surfeit of data.

The solution settled on consisted in pre-selecting 13 points called ‘nodes’—lo-
cated at the meeting point of two segments of the letter ‘P’—and then measuring
10 distances, with all 13 of the points included at least once. Given that radio-
graphs and betagraphs are susceptible to a certain number of ‘visual impurities’

13 The coordinates of a point are defined by its distance in relation to a system of Cartesian axes,
or by the gap in relation to the reference point and the angle formed by the segment which unites
the two points with one of the two Cartesian axes.

14 In fact, when presented with four points—A and B, and A’ and B’—arranged in the same way
in two different watermarks, if the two points A and A’ coincide, the distances A-B and A’-B’ can
clearly be the same even if points B and B’ do not coincide. One has only to think of an isosceles
triangle, in which points B and C in its base, despite not coinciding, are positioned at equal dis-
tances from the triangle’s apex.



192 —— Ezio Ornato

which sometimes make it impossible, when taking measurements, to define the
aforementioned points with sufficient accuracy (such as in the case of the meet-
ing point between the two ‘legs’ of the ‘Gothic P’), a certain number of nodal points
were eliminated at the outset. Here, it should be emphasised that these nodal points
probably do not represent a purely abstract entity: the rather sketchy information
we possess on watermark technology—all very recently acquired, besides—de-
scribes pegs driven into a wooden board, around which a wire strand was arranged
so as to form the watermark’s motif."” This observation is important, since the wa-
termark makers could, if necessary, save a peg system and reuse it at a later date.
This phenomenon represents an important ‘disruptive’ factor.

Irrespective of this possibility, it should not be forgotten that the representa-
tion of a design using only 13 geometric points constitutes a drastically reductive
step which is highly vulnerable to the so-called ‘first type’ error, namely consid-
ering two motifs to be identical when in fact they are not. Conversely, errors in
measurements caused by insufficient definition of the nodal points raises the risk
of the ‘second type’ error occurring, namely considering two watermarks to be
different when in fact they are identical. The first type of error introduces a ‘noise’
capable of seriously skewing the results of the dating procedure, while the second
eliminates useful information and could potentially hinder the dating procedure
or reduce its degree of accuracy.

In addition, the selection of 13 nodal points and 10 gap measurements made
it necessary to choose from a range of preliminary options. The most important
among these concerns the inclusion or exclusion of ‘superfluous information’,
which is to say of all the details of the design that are of no great consequence to
the basic structure of the letter ‘P’. The exclusion of ‘superfluous’ details in-
creases the risk of the “first type’ error occurring, since two watermarks that are
characterised by the same essential structure, but which can be distinguished
from one another at first glance due to the presence or absence of ‘superfluous’
elements, will be judged identical by the computer. On the other hand, inclusion
of such details does not come without certain drawbacks on the historical level,
since it eliminates per se the possibility of identifying the presence of basic con-
struction patterns, and as a consequence the possibility of recognising the re-use
and/or sustained use over time, or in a particular geographical setting, of the
same watermark design. Since it is important to reduce to a minimum the risk of
the “first type’ error, one has by necessity to align a metrical representation with
a somewhat simplified typological classification system, which can then be use-
fully applied as a discriminating factor.

15 See Grosse Stoltenberg 1965, 73-79.
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From the aforesaid, it becomes clear that two designs, judged as identical
from a morphological point of view, can in fact be related to two different material
objects based on the same archetypal model, but sewn on to different moulds and
separated by a considerable period of time. For this reason, the typological clas-
sification has to take into account certain factors, namely the position of the wa-
termark on the mould (on the left-hand or right-hand side), and the orientation
of the motif (normal or specular).'® In a scenario of this kind, another discriminat-
ing parameter can be found in the density of the laid lines, which makes it possi-
ble to reveal even minor differences in a mould’s weave pattern, and therefore
also to eliminate the misleading effects of any chronological ‘mirages’. In the
matter in question, the assessment of laid line density was greatly aided by an
automatic counting program devised by Vlad Atanasiu.”

The metrological distance between two watermarks is obtained in a very sim-
ple way: the difference between the pre-selected distances in the two watermarks
placed in comparison is automatically calculated by the computer. The difference
between the figures is then squared (so as to prevent variations in the opposite
direction from being cancelled out). The metrological distance is equal to the sum
of the variations calculated in 10 segments. Just how reliable, then, are such
measurements?

First, the problem of errors occurring during the measuring procedure has to
be considered. In this regard, the working conditions are almost perfect thanks
to the use of graphics software such as Photoshop. Such software enables one to
work on images at life-size and to measure, on the computer screen, the distance
between two points to within 0.10 mm. In addition, by using the Photoshop op-
tion called ‘levels’, it becomes possible to superimpose any two images upon
each other with a very high degree of precision for the purposes of verification.

One naturally assumes that the measurements obtained from radiographic
reproductions should be more reliable than those obtained from motifs of the wa-
termark designs found in the catalogues. In reality the situation is not, in fact,
quite so rosy, for the following reasons:

— A watermark’s motif can be affected by various inaccuracies. Indeed, poorly
defined areas are often observed in proximity to some of the nodal points,
and these inevitably result in discrepancies in measurements.

16 All these elements are noted in the WILC database, but unfortunately are absent from the two
extensive watermark catalogues that have been published to date.
17 Atanasiu 2004, 172-184.
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— Theradiographic image may not be perfect, due to the presence of decorated
initials situated over the watermark motif, or simply because the image is out
of focus.™®

— The limited skill or dexterity of the operator can cause problems. However,
the impact of this issue can be assessed, later on, by measuring the same im-
age a second time." Tests have been carried out which demonstrate that the
variation between two successive measurements on the same image are en-
tirely within the bounds of acceptability, on condition that the radiograph in
question is of optimal quality.

All of the above drawbacks result in a sort of ‘background noise’ which cannot be
eliminated. Consequently, the morphometric gap between two watermarks can
never be valued at zero. One may imagine that the schematic drawings provided
in the catalogues would make it possible to eliminate, or at least reduce, errors in
measurements, but it should not be forgotten that one is often presented with
simplified sketches (obtained through tracing) of the original watermark, and
therefore errors start occurring at the outset, and worse still, cannot be identified.

As has already been mentioned earlier on, the WILC database currently con-
tains roughly 1,700 letter ‘P’ watermarks. The ultimate goal of the project is to
date all the editions published in Belgium and Holland whose dates are un-
known, making use also of other watermark motifs that are well represented in
the WILC database. However, since the experiment was focused above all on ver-
ifying the comparison method’s potential, it was conducted under the most fa-
vourable conditions. Therefore, only 625 letter ‘P’ watermarks reviewed in 88 fo-
lio editions explicitly dated by their printers, and belonging to ‘equivalents
groups’ previously identified by Gerard Van Thienen,”* were measured. For the
625 chosen watermarks it was necessary to carry out 6,250 manual measurements
and 195,000 automatic comparisons.

What, then, on the statistical plane, is the theoretical dating potential of the
database ‘WILC-letter P’?? In order to answer this question, attestations of each

18 The lines forming an image can become ‘swollen’ when an image is out of focus, which re-
sults in imprecise measurements being taken.

19 Although not the same watermark in two different sheets, because the use of the mould, de-
formations in the watermark, and the handiwork of the vat workers can all exert an influence on
a watermark’s characteristics.

20 ‘Identical’ watermarks found in one and the same edition were not included because, need-
less to say, their simultaneous presence is of no consequence.

21 In other words, the degree of accuracy it is possible to achieve for individual watermarks
when the comparison is limited and includes only specimens that are considered ‘identical’.
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watermark within an ‘equivalents group’ were arranged in chronological order,
and for each group the chronological gaps between the oldest and most recent
attestations were measured.

Tab. 1 presents the results of the operation: in essence, the chronological gap
within one and the same group exceeds 36 months in only 5% of cases. This
means that when it is possible to compare an undated watermark with at least
two others belonging to the same ‘equivalents group’, the most probable date will
be provided by the arithmetic mean lying between the two temporal extremes,
with a level of accuracy of +18 months. It goes without saying that this result can-
not be interpreted as an absolute fact—indeed, this level of accuracy relates spe-
cifically to the rate of paper consumption on the part of printers in the last thirty
years of the 15" century in the Low Countries.

Tab. 1: Probability interval between the earliest and latest examples of two ‘equivalent’ water-
marks
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2.1 Description of the morphometric method and its efficacy

Alternatively, let us suppose that in the absence of any kind of preliminary com-

parison, nothing whatsoever is known about the typology and morphology of the

watermarks, and therefore one has to proceed in a different way, with the follow-

ing objectives in mind:

—  The morphometric comparison procedure must be rapid, thorough and sys-
tematic, which means it has to be automated.

— For each watermark, the probable dating has to be suggested by the com-
puter and interactively accepted by the scholar/researcher.

— The dates adjudged to be most likely for each simultaneously present water-
mark in a given edition have to contribute to its dating, thanks to the appli-
cation of an automated and interactive algorithm.

As part of the experiment conducted on the letter ‘P’, and thanks to the descrip-
tions provided in the WILC database and an autopsy of the images, all the wa-
termarks were initially classified on the typological level. The classification was
based not only on the characteristics of additional elements or the presence/ab-
sence of the same, but also according to the position and orientation of the wa-
termark motif in relation to the mould. Information on the density of the laid
lines was added to the typological data. The ten measurements were then fed
into a database, together with information about the incunabulum in which the
watermarks were found, with particular regard to its date. Next, the measure-
ments obtained for each watermark were grouped into hierarchical classes and
arranged in descending order (i.e. from the best to worst result) so as to ease
data processing.

In a preliminary phase, all the watermarks which resulted in at least one
comparison showing a morphometric gap of <21 were deemed ‘useful water-
marks’ for dating purposes. The results obtained are presented in Tab. 2. It
should be emphasised that the <21 morphometric gap criterion (MG<21) alone
proved to be entirely worthless. On the other hand, the concordance of several
criteria—which correspond to a situation of presumed morphometric similarity
(the last column in the table)—makes it possible to improve the estimate, rais-
ing it to a +30 months level of accuracy, with a margin of error of 5%. However,
the watermarks that simultaneously fulfil all the necessary criteria represent
only 28% of the total.
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Tab. 2: Results of morphometric comparisons made between ‘useful watermarks’ (for the pur-
pose of dating)

A closer analysis demonstrates that the criteria which exert the greatest influ-
ence on the accuracy of dating are the morphometric gap ‘MG’ and the density
of laid lines. In cases where no more than two exceptions are permitted among
the criteria, the level of accuracy remains practically unchanged, whilst the
percentage of watermarks considered useful for dating purposes rises to 58%.

The +30 months (i.e. +2.5 years) level of accuracy cannot be considered very
satisfactory. This relatively unimpressive result is chiefly due to an insufficient
differentiation of the typological elements and the low degree of variability in the
design of the letter ‘P’.? It should not be forgotten, however, that the objective is
to date not just a single sheet but an entire printed volume which almost always
contains watermarks of different types (i.e. motifs) and variants within each motif
type. Tab. 3 presents the results obtained from 78 editions, representing about
90% of the books included in the experiment.?

22 If this second factor is partly intrinsic in nature—a letter ‘P’ does not hold much potential
for creative interpretations—it also suggests a prolonged use of the same construction pat-
terns. In other words, for the letter ‘P’ there does not appear to exist a deliberate tendency to
distinguish watermarks of same the design in an ever more elaborate way, whilst the opposite
is observed in the watermarks found in papers originating from the Garda region used by Ve-
netian printers.

23 The remaining 10% did not contain any letter ‘P’, or at least none which were useful for
the purposes of dating.
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Tab. 3: Edition datings. Degree of accuracy depending on the estimation method employed

The final column in the table presents the results obtained when the likely date of an
edition is reckoned to be the arithmetic mean of the dates of all the letter ‘P’ present
on its leaves. The confidence interval at approximately 95% is +24 months. This re-
sult, although not entirely negligible, is not altogether satisfactory. The situation im-
proves if the mean is calculated by subtracting, respectively, the earliest and most
recent dates of the simultaneously present watermarks (i.e. a truncated mean), just
like in ice skating and ski jumping competitions. In the case of watermarks, this ex-
pedient makes it possible to mitigate the effect of what we can term ‘motif inertia’,
which is to say the ‘recycling’ of a motif over an extended period of time. The applica-
tion of this expedient makes it possible to reduce the dating range to around +18
months (the shaded area in the table).

A further analysis of the data discloses the fact that dating errors are closely
linked to the number of usable watermarks simultaneously present in a given edition.
In particular, the mean error decreases considerably as soon as three or more differ-
ent watermarks are available. The application of this criterion (Tab. 4) allows for the
dating of 50% of the volumes to within -6/+12 months, or in practical terms, +9
months.
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Tab. 4: Dating of editions containing more than three useful watermarks

This new result is truly excellent, and can only be improved on—not because the
method implicitly allows for greater accuracy, but rather because it makes it pos-
sible to significantly increase the percentage of datable editions. Indeed, on the
one hand, in the case of the letter ‘P’, the watermarks dated through the applica-
tion of this method could be used, with due caution, to date other editions, whilst
on the other hand other watermark motifs sufficiently represented in the WILC
database can be subjected to the same experimental investigation.

On a trial basis, a simpler procedure was applied to the same 625 watermarks,
taking as an established fact the similarities between various elements within one
and the same ‘equivalents group’ observed during the manual comparisons car-
ried out by Gerard Van Thienen. Excluding, as before, the dates at the extreme
ends of the temporal scale, all the watermarks of a single group had allocated to
them the average attestation date of the group itself, and the date of an edition
was then estimated by calculating the truncated mean of all the watermarks pre-
sent in it.

Tab. 5 shows that 90% of the editions can be dated with a 95% degree of like-
lihood to a time range of -12/+18 months (shaded area), or in practical terms, +15
months. The result is better than that obtained using the morphometric method.
There are two reasons for this: (a) the greater reduction in the ‘design inertia’ ef-
fect, and (b) the almost certain similarity among the watermarks belonging to one
and the same group. It should be borne in mind, however, that the manual work
required to sort ‘similar’ watermarks into groups is very time-consuming.
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Tab. 5: Dating of editions through ‘equivalence groups’

If one considers only the editions that include three different equivalents groups
(Tab. 6), the result obtained will improve considerably, with the range decreasing
to +8 months, with scarcely any margin of error.

On the other side of the coin, since the simultaneous presence of numerous
groups is even more improbable than that of numerous watermarks (a group, in
fact, includes two or more watermarks), the percentage of datable editions de-
scends to just 25%.

Tab. 6: Dating of editions through ‘equivalence groups’. Editions involving at least three groups
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Even so, broadly speaking it may be said that the results obtained are rather en-
couraging.
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