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The two cultures
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 Two cultures:
 Sciences 

 Humanities
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In 1959 the British author C. P. Snow delivered the so-called “Rede lecture” at the 
University of Cambridge.  In this lecture, entitled “The two cultures and the 
Scientific Revolution”, he addressed what he saw as a wide gap between the 
Humanities, such as Literature and History on the one hand and the Sciences, 
such as Mathematics and Physics, on the other. 
According to Snow, these two cultures suffer from a mutual lack of 
understanding: they use different methods of research, have a different outlook 
on scientific culture and they speak, in a manner of speaking, different 
languages. Although the world has changed considerably, Snow’s observations on 
the two cultures have lost some but not all of their validity.
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Three disciplines in portolan chart research
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• Map construction

• Map accuracy

• Map projection

• Numerical analysis

This is also reflected in portolan chart research.
Traditionally this research has mostly taken place in the domains of History and the 
History of Cartography, two disciplines I would categorize as belonging to the 
Humanities and Social Sciences. This is not surprising: medieval maps are expressions of 
human culture, not scientific products in the way modern maps are.
As a geodesist I therefore would have no contribution to make to the debate on the role 
and development of maps and mapping in the Middle Ages, were it not for the existence 
of portolan charts. These are the exceptions to the rule.
The question of the origin of portolan charts is inseparably linked to the question of how 
and on the basis of what measurement data they were constructed. Such questions fall 
in the joint domains of history and geodesy. 
Cartography may be described as the science (and art) of representing spatial 
information in the form of maps. 
Geodesy includes the establishment of the geometric framework that underlies the 
construction of maps. It is my contention that fundamental aspects of geodesy have 
been ignored in existing research or have at least been underexposed. My recent PhD 
research and subsequent book seek to even the balance.

Geodesy therefore might make a valuable contribution to the understanding of possible 
construction methods of the charts, their relationship to map projections and their 
accuracy, including a good definition of what map accuracy is.
However, geodesy on its own can never solve the problem of the origin and construction 
of portolan charts. Only by cooperation between the disciplines shown on the slide does 
one have a fighting chance of bringing some clarity into this subject. And that means the 
gap between Snow’s two cultures will have to be bridged, whether it is perceived to be 
narrow or wide. Today I shall make my own contribution by explaining a key aspect of 
my research, namely the question of whether the map projection that appears to 
underlie portolan charts is coincidental or intentional.
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Numerical methods - methodological aspects

 Cartometric analysis:

 collection of methods …

 … different characteristics

 First ask the right questions;
then choose the right tool for the job!

 Conceptual classification of methods

 interpolation

 smoothing

 adjustment 

• least squares estimation

• robust estimation
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Geodetic analysis methods are mostly numerical. 

It is sometimes argued that numerical analysis methods do not produce 
consistent results. This tends to undermine trust in such methods and may even 
lead to a complete rejection of numerical methods in portolan charts research. 

It is vital to understand that cartometric analysis is not a single method, but 
rather a collection of different numerical methods, each with its own 
characteristics.

Whether the chosen tool is suitable for the job depends entirely on the questions 
the researcher seeks to answer. Those questions have to be asked in advance and 
must additionally be specific enough. 
One cannot apply a numerical technique and hope it will answer a question one 
omitted to ask. Good knowledge of the characteristics of quantitative analysis 
methods is therefore a prerequisite for embarking on any cartometric analysis 
project. 

Cartometric analysis methods can be classified broadly into interpolation, 
smoothing and adjustment techniques. Of the latter Least Squares Estimation is 
probably the best known. Robust estimation techniques are an alternative. They 
are used occasionally in the analysis of historical maps.
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Numerical analysis methods:
conceptual classification
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Interpolation

Interpolation techniques do not correct the sampled, or measured, data, which 
are represented on the slide by the red dots. They estimate the values in 
between, assuming that errors change gradually and continuously. The distortion 
grids generated by MapAnalyst, probably the best-known computer program for 
cartometric analysis, are based on interpolation.

The graph on the slide shows only a one-dimensional example, that is, one 
variable, along the vertical axis, which changes as a function of the horizontal 
reference value. However, it is relatively easy to imagine an extension to the two-
dimensional situation of a map, in which errors in two directions with respect to 
two reference values exist. 
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Numerical analysis methods:
conceptual classification
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Smoothing

Smoothing techniques assume that the error in a sampled point has a systematic
component which is transferred partly to nearby points, in addition to a random
component that is unique to the sampled point only. Smoothing techniques 
attempt to filter out random errors whilst revealing the general trend in the 
errors. They would be very suitable for the analysis of historical maps, but are 
regrettable hardly used or not used at all.
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Adjustment

Numerical analysis methods:
conceptual classification
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Adjustment techniques assume that tentative knowledge exists about the 
systematic map errors, such as the distortions introduced by a map projection. 
The characteristics of a specified map projection are conceptually indicated on 
the slide by a straight line, of which the slope and the point of intersection with 
the vertical axis are estimated in the adjustment calculation. 
The remaining deviations from the straight line are called ‘residuals’ or ‘residual 
errors’, which, in Least Squares Adjustment, are the basis of accuracy estimates, 
as well as statistical testing. 
Least Squares Estimation is used in a range of geodetic problems, such as the 
computation of the position of the control points between which distances and 
directions have been measured.
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My questions

 Mosaics or single, homogeneous charts? 
 Subchart properties?

 Chosen method should not prejudice the answer

 How accurate?

 Map projection: co-incidental or intentional?
 Quantify “map accuracy” first
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 Least Squares Adjustment
… with statistical testing

The best tool for the job is determined by the questions the researcher asked.
The questions I asked are the following:
Is a portolan chart a mosaic or is it a single, homogeneous chart? Because if it is a 
mosaic, it should be approached as a mosaic and not as a single chart.
If that is the case, can the properties of the subcharts be isolated? 
The analysis technique chosen should at any rate not prejudice the answer. 
How accurate are the charts and how should map accuracy be defined?

The million-dollar question is: “Is the “map projection” to which the chart image 
agrees so well co-incidental or intentional?”

These questions permit only one answer: least squares adjustment, 
supplemented by statistical testing. I cannot explain this choice in more detail 
now. 
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Mean point error (RMSE)
relative to modern Mercator chart

I analysed five portolan charts to address the first two questions, the ones about 
the division into subcharts and their accuracy.  I used on average more than 800 
control points per chart and calculated a best-fit to two map projections: 
Mercator and Equirectangular.  The slide shows the results for Angelino Dulcert’s
1339 chart.
The results for the two map projections, Mercator and Equirectangular, are very 
similar and cartometric analysis alone cannot lead to a clear conclusion on which 
of the two is the best match. 

There is clear evidence for portolan charts being mosaics, but although that isn’t 
new in itself – it has been suspected since the mid-19th century – what is new is 
that the boundaries between these subcharts do not run along the boundaries of 
the Mediterranean basins, as has been assumed until now.
Another surprise was the considerable overlaps between some of the subcharts.
The accuracy of these subcharts is quite high for medieval charts: it varies around 
10-11 km RMSE (Root Mean Square Error). I will use the square of the value, 100 
km squared, later to represent the typical accuracy of a portolan subchart.

The definition of the Root Mean Square Error implies that these numbers should 
not be interpreted as “the accuracy of the subcharts is within 10 kms”. Only 
approximately 40% of the map errors are within the stated numbers.
What is also new is that I quantified the scale differences and I found 
considerable variation in the anticlockwise rotation angle of the subcharts.
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Accuracy of the sub-charts
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The map accuracy of all subcharts, for each of the five portolan charts I analysed, 
is shown in this graph. The charts are shown in the legend:
RS-3 is the Ristow-Skelton No. 3 chart, held in the Library of Congress; Ricc 3827 
is the anonymous chart, presumed Genoese, estimated to date from the first 
quarter of the 14th century and owned by the Biblioteca Riccardiana in Florence.

The horizontal axis shows the subcharts and the vertical axis the RMSE accuracy. 
The RMSE is the square root of the mean quadratic error in all identical points of 
the relevant subchart. This ‘error’, or ‘residual error’, is the displacement per 
identical point that remains after the subchart has been best-fitted to a modern 
map on the Mercator projection. In this graph subcharts of the same portolan 
charts are indicated by the same symbol and connected by a thin line in the same 
colour.
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This graph shows the scale differences between all subcharts, expressed relative 
to the Western Mediterranean dataset of each chart, which therefore shows as 
100% for all charts. As you can see the scale differences range from about minus 
10% to plus 15%.
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Rotation angle

The anticlockwise rotation angle of the subcharts results from the best fit of the 
relevant subchart to a modern Mercator chart (or map) and ranges from 2 
degrees to 10 or even 12 degrees for the various subcharts indicated on the 
horizontal axis of the graph. What is important to realise is that on any single 
portolan chart this rotation angle of the subcharts cannot be explained from the 
mean magnetic declination in the subchart’s coverage area. While some 
correlation is visible in the western and central Mediterranean, there is little 
agreement between the trend in the rotation angles of the other subcharts and 
the trend in the average magnetic declination of these subcharts. Average 
magnetic declination, computed from the CALS3K paleomagnetic model for the 
year 1250, is shown as the black ‘plus’ signs, connected by a black dashed line.

12



Faculty of Science
Department of Mathematics

y

The map projection of portolan charts
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 Co-incidental or intentional?
 Consensus: “coincidental”
 Assumed, not proven!
 Vital for the question of the origin of portolan charts

 Rephrasing the question:
- Plane-charted framework of distances and directions
- Plane charted coastline shape
- Portolan chart coastline shape
Shape differences (in)significant compared to the 
accuracy of the charts??
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A key question regarding the origin of portolan charts is the question of whether 
the good agreement of a portolan chart with a modern Mercator chart is a 
coincidental by-product of plane charting or the result of conscious application of 
a map projection by the originators of the portolan chart. The former is the 
practically unanimous opinion of researchers. 
However, no proof is supplied for this consensus opinion. Why is it so vital then? 
If the agreement with a map projection can be proven to be not coincidental, it 
can only be intentional.  There is no third option. And if that is the case, there is a 
serious problem with the consensus opinion of a medieval origin of portolan 
charts.
The question of whether any map projection is coincidental has to be rephrased 
as follows to result in a statement that can be validated:

“Does the shape of a plane-charted framework of distances and directions agree 
sufficiently well with a reference map on the Mercator or Equirectangular map 
projection, taken into account the accuracy of portolan charts?”
This question is without doubt the most challenging one from a geodetic and 
mathematical perspective.
It is vital to take the accuracy of portolan charts into account.  It will be intuitively 
obvious that when high-accuracy modern geodetic measurements were to be 
used, the effects of ignoring earth curvature will be very noticeable and over a 
much smaller area than when relatively crude (simulated) medieval observations 
are used.
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Reference 
measurement

Second
measurement

Differences Differences 
squared

d1 d1 ∆d1=d1 – d1 (∆d1)2

d2 d2 ∆d2=d2 – d2 (∆d2)2

d3 d3 ∆d3=d3 – d3 (∆d3)2

… … …

dn dn ∆dn=dn – dn (∆dn)2

Mean Square Error = ∑(∆dn)2/n
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Face recognition: benchmarking with one face

d1

d2d2
d3

 Many sets of  measurements

 many MSE values

 Histogram of all MSE values obtained

 Histogram  Error distribution (curve)

+

In order to explain how I approached this problem I will draw an analogy with automatic 
face recognition techniques that use Least Squares Estimation.
The face recognition techniques that are nowadays used are more complex than this, 
but it is the principle that counts. This is how it works: a computer program (or the 
researcher) identifies a number of characteristic points in the photograph of a human 
face and measures distances between them. In this example the blue set of distances 
represent the reference measurement values for this particular face. Repeating this 
measurement supplies the green values in the second column, which may be subtracted 
from the corresponding reference value. This results in a set distance differences, 
indicated by the Greek capital delta, which are squared and added together. The Greek 
capital sigma means that the squared distance differences are all added up. The mean 
squared distance difference is a so-called Mean Square Error or MSE.

Repeating this process, say, a million times, allows one to work out the distribution of 
the MSE values, indicating how accurate the facial measurements are. Most of them will 
cluster around the middle; there will be fewer MSE values further away from the 
average. A histogram (red in the bottom-right graph) may be drawn showing how many 
MSE values end up in a particular column; the higher the column, the more ‘hits’ in that 
particular ‘bin’ or interval.

The larger the number of repeat-measurements of the face are made, the more the 
histogram will approach its theoretical shape, known as the error distribution (the black, 
smooth curve in the bottom-right graph).
Once that is known, it is understood how consistently the characteristics of this 
particular face can be measured. The expected value has been normalized to 1.0.
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Face recognition: two faces (1)
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d1

d2d2
d3

d1d1

d2d2

d3d3

Differences Differences 
squared

∆d1=d1 – d1 (∆d1)2

∆d2=d2 – d2 (∆d2)2

∆d3=d3 – d3 (∆d3)2

…

∆dn=dn – dn (∆dn)2

Mean Square
Error (MSE) = ∑(∆dn)2/n

 Differences are no longer ~0

 MSE is greater than zero

Left face:
benchmark

Right face minus left face

+

But what we want is the comparison of two faces, translated into the question: 
do these two photographs belong to the same face or to different faces?
Our computer program proceeds to measure distances between corresponding 
pairs of points on each face and subtracts those, so that, again, we have a series 
of distance differences.
But, now that the two faces are different, each distance difference will be 
systematically different from zero. The effect of this on the Mean Square Error 
will be that the MSE will now cluster around a larger value, for example 2.5, as 
shown on the graph in the bottom right of the slide. 
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Face recognition: two faces (2)
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d1

d2d2
d3

d1d1

d2d2

d3d3

Differences Differences 
squared

∆d1=d1 – d1 (∆d1)2

∆d2=d2 – d2 (∆d2)2

∆d3=d3 – d3 (∆d3)2

…

∆dn=dn – dn (∆dn)2

Mean Square
Error = ∑(∆dn)2/n

 Differences no longer ~0

 The more the faces are dissimilar, 

the bigger the ‘gap’ between the 

reference curve (left) and the curve 

on the right showing the difference 

between the two faces

Left face:
reference

Right face minus left face

+

The more dissimilar the two faces are, the larger the spacing between the 
reference curve on the left and the curve on the right.
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Face recognition: two faces (3)
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d1

d2d2
d3

d1d1

d2d2

d3d3

Differences Differences 
squared

∆d1=d1 – d1 (∆d1)2

∆d2=d2 – d2 (∆d2)2

∆d3=d3 – d3 (∆d3)2

…

∆dn=dn – dn (∆dn)2

Mean Square
Error = ∑(∆dn)2/n

 Differences no longer ~0

 More dissimilar faces, bigger ‘gap’ 

between two error distributions

 Two sisters

d1

d2d2
d3

Left face:
benchmark

Right face minus left face

+

But if the two women on the photographs were sisters, the curves will lie much 
closer together. They may even overlap, creating an issue of resolution of this 
face-recognition method.
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Face recognition: two faces (4)

First International Workshop on the Origin and Evolution of 
Portolan Charts
Lisbon, 6-7 June, 2016

d1

d2d2
d3

d1d1

d2d2

d3d3

Differences Differences 
squared

∆d1=d1 – d1 (∆d1)2

∆d2=d2 – d2 (∆d2)2

∆d3=d3 – d3 (∆d3)2

…

∆dn=dn – dn (∆dn)2

Mean Square
Error = ∑(∆dn)2/n

 Differences no longer ~0

 More dissimilar faces, bigger ‘gap’ 

between two error distributions

 Two sisters

 Twin sisters

d1

d2d2
d3

Left face:
benchmark

Right face minus left face

+

When, for example, the two faces belong to twin sisters, the two curves will be 
really close and will overlap considerably: it is very likely now to mistake one for 
the other.
It will be clear that the more accurately one can measure the facial distances, the 
better becomes the ability to distinguish two faces, i.e. the ‘resolution’ of this 
method is improved when the measurement accuracy increases. The ultimate 
question of ‘Do these faces belong to different persons’ is a statistical problem 
which must be worked out mathematically and will result e.g. in the answer 
‘With a probability of xy% the two faces belong to different people’. 

In reality the coordinates of the points are measured rather than the distances 
between them, but that is irrelevant for the explanation of the principle.
The same approach can be adopted for the question of whether a chart that was 
generated by plane charting can be distinguished well enough from a reference 
chart on the Mercator projection. 
The left-hand face may be considered as the reference Mercator chart and the 
right-hand face as a plane-charted one. The key question is: how far are these 
two curves separated for a map of the Mediterranean. I will now explain how 
that separation between the two curves can be computed.
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Simulated “medieval mapping”
 Grey outline: Mercator reference chart (VMAP dataset)

 Black outline: error-free distances and azimuths on the sphere

 Red outline: calculated while ignoring earth curvature and 
magnetic declination
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That requires the concept of a ‘synthetic portolan chart’ to be introduced. This ‘synthetic 
chart’ is based on a framework or network of error-free rhumb line distances and 
magnetic azimuths between a series of coastal points, designed to be consistent with 
frequently sailed medieval routes. The positions of these points are expressed by 
correct, modern values of their latitudes and longitudes (I used the publicly available 
VMAP dataset). When the latitudes and longitudes of the network nodes are then 
calculated back from these computed azimuths and distances using the correct spherical 
earth model, they will be the same as the input values. When projected on a Mercator 
base map the correct network of points has been plotted on the graph as the black 
outline.

The simulated ‘medieval observations’ are then generated as follows. 
In the Middle Ages compass readings could not be corrected for magnetic declination. 
But magnetic declination on each course leg of this framework can be estimated from a 
paleomagnetic model (CALS7k.2 for the year 1250). The estimated magnetic 
declinations are therefore added to the corresponding  the azimuths in the error-free 
network. No other error is present in these simulated compass azimuths than magnetic 
declination. No changes have been applied to the rhumb line distances.

The positions of the coastal points are then computed by simulated medieval charting, 
that is, from the error-free magnetic azimuths and error-free rhumb line distances, while 
pretending the earth is flat. This will result in conflicts between the ‘observations’, which 
have to be resolved in some way. I have done that by Least Squares Estimation. Of 
course in medieval times a graphic adjustment would have been the only option.
In either case this will result in a coastline shape that differs from the reference 
Mercator chart. This is indicated by the red framework. The question is how different 
from the black network is the red network?
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Comparison of two chart outlines
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d1
d2d2

d3 d1d1
d2d2

d3d3

Differences Differences 
squared

∆d1=d1 – d1 (∆d1)2

∆d2=d2 – d2 (∆d2)2

∆d3=d3 – d3 (∆d3)2

…

∆dn=dn – dn (∆dn)2

Mean Square
Error = ∑(∆dn)2/n

 Left chart: reference chart: modern 

Mercator chart, but:

 Accuracy is set to ~11 km (= mean 

accuracy of a portolan chart)

Left chart:
reference

‘Synthetic chart’ outline 
minus ref. chart outline

+Reference chart Plane charted outline 
(includes magdec)

MSE

Conceptually this is how the process works with portolan charts instead of human faces: 
the starting point is the computation of the least-squares fit of a real portolan chart to a 
reference map (Mercator or Equirectangular). This provides us with an estimate of how 
precisely a portolan chart, or rather, a subchart, fits to a modern Mercator chart. That is 
about 11km. You have seen the results for the Dulcert 1339 chart, with its colourful
bands indicating the extents of the subchart and a Mean Square Error (MSE) per 
subchart. 

As explained with the previous slide he coastal outlines of a ‘synthetic chart’ have been 
computed by simulated medieval charting of loxodromic distances and magnetic 
azimuths, ignoring earth curvature and magnetic declination. This resulted in the red 
outline of the framework covering the Western Mediterranean. I designed two more 
frameworks: one for the Eastern Mediterranean and one for the Black Sea. These red 
frameworks are the ‘synthetic portolan charts’. 

The last step consists of comparing the red frameworks of the Western Mediterranean, 
the Eastern Mediterranean and the Black Sea to a modern Mercator reference chart in 
the way two faces are compared. Because the input distances and magnetic azimuths 
are error free, the MSE values for these three comparisons reflect exclusively the effects 
of ignoring earth curvature and magnetic declination, that is, the spacing of the two 
curves in the face recognition analogy. This the exactly the spacing between the peaks of 
the two curves in the bottom-right graph. The ‘synthetic portolan charts’ must be 
evaluated against a modern Mercator chart and not against a portolan chart, because in 
the latter case it would be impossible to separate the effect of ignoring earth curvature 
and magnetic declination from other charting errors.

The ‘million-dollar question’ is: is the red shape sufficiently dissimilar to the black shape 
to deserve the qualification ‘significantly different’.  
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Error budget portolan chart West Med 
MSE

EastMed
MSE

Black Sea 
MSE

1. Accuracy of underlying 
measurements:
effects on positions of coastal points

2. Plane charting errors:  
effects of ignoring earth curvature

Mean square point error

~0 ~0 ~0 

100 100 100

100 100 100

+

MSE=MSE + MSE

The errors in a portolan chart may be considered to consist of two main 
components: 
The contributions made by the accuracy of the measurement data from which 
the portolan chart has been constructed. These are shown  in the blue ellipses;
The impact of ignoring earth curvature (the grey ellipse).
The bottom-line value of 100 km squared is the square of the mean value for the 
RMSE values of each of the subcharts. I showed a graph of that earlier.  
In my PhD thesis I also made some allowance for the exaggeration of coastal 
features, which I am ignoring here for the sake of simplicity.

If plane charting coincidentally produces a chart on the Mercator or 
Equirectangular projection, as it is widely assumed to do, its contribution to the 
total error budget will be negligible, hence the “about zero” values in the grey 
boxes.
That would mean that the entire error budget of a portolan chart would be 
attributable to the effect of the accuracy of the navigation data from which the 
chart is assumed to have been constructed.
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Error budget with plane charting errors computed
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Error budget portolan chart West Med 
MSE

EastMed
MSE

Black Sea 
MSE

1. Accuracy of underlying 
measurements:
effects on positions of coastal points

2. Plane charting errors:  
effects of ignoring earth curvature 
and magnetic declination

Mean square point error

83 162 29

100 100 100

100 100 100

+

183 262 129Ought to result in a subchart MSE:

The million-dollar question, as I just put it is: is this true? Does ignoring earth 
curvature and magnetic declination really add practically nothing to the charting 
errors?
The MSE values in the grey ellipses are the actual values I calculated in the way 
explained earlier. You will immediately see that the figures simply don’t add up.
The effects of ignoring earth curvature and magnetic declination (the grey 
ellipses) are already larger than the effect that can realistically be attributed to 
the mean accuracy of the underlying measurement data, except in the case of 
the Black Sea.
Cartometric analysis of a portolan charts ought to result on average in the red 
figures in the yellow ellipses, but the real charts, or rather subcharts,  are 
considerably better than that. For example, the contribution made by ignoring 
earth curvature and magnetic declination in the Eastern Mediterranean network 
is even larger than the actual chart accuracy estimated by fitting it to a modern 
Mercator projection. 
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Reference 
Mercator chart

Western Med on 
portolan chart 
had it been 
plane-charted

‘Face comparison’ on portolan charts
Actual for Western Mediterranean

Probability of the map Probability of the map 
projection being accidental:
Western Med: ~1:50 million
Eastern Med:  ~0
Black Sea:      1 in 3.5 (29%)

These differences are statistically significant. Going back to our face-recognition 
example, it means the two curves are well separated and the probability that the 
right one, i.e. the plane-charted one is mistaken for a proper Mercator chart, can 
be computed. The two curves shown are for the Western Mediterranean. 
The probability that the good correspondence of the coastlines on a portolan 
chart to those a modern Mercator chart map projection is a co-incidental by-
product of plane charting is, for the Western Mediterranean network, one in 50 
million. For the Eastern Mediterranean the probability is so small it should be 
considered to be zero. 
However, the Black Sea does yield a probability of 29% that a plane-charted map 
is indistinguishable from a Mercator or Equirectangular map.
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Conclusions

 Map projection is not co-incidental  intentional

 Portolan charts were not created by plane charting

 Original partial charts were accurate, 
geodetically-constructed, almost modern charts
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 A medieval origin of portolan charts is 
highly unlikely

First International Workshop on the Origin and Evolution of Portolan Charts
Lisbon, 6-7 June, 2016

The conclusions must be as follows:
• Contrary to popular opinion, the map projection cannot be coincidental; it 

must therefore be intentional 
• By implication portolan charts were not constructed by plane charting 
• That makes the original partial charts geodetically-constructed, almost 

modern charts.
By “geodetically-constructed” I mean to say that the makers compensated 
correctly for the effects of earth curvature.  
This is undoubtedly hard to accept for many people, bit is much harder to deny 
the facts in the matter. 
The consequence of these conclusions is that a medieval origin of portolan 
charts is highly unlikely.
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Thank you
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