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Abstract 
It is suspected that every cartographer has some knowledge of cartometry. Cartometry as a concept has existed in 
cartography for more than 100 years. It includes a set of procedures for measuring the quantitative components of the 
phenomena depicted on the map, including the analysis of the information they provide. Other disciplines of 
cartography, such as projection, surveying, and thematic cartography, are much better elaborated. The “neglect” of 
cartometry within cartography is well demonstrated by the fact that only five books were published specifically on 
cartometry. But how much do recent users know/understand this? Are the users aware of the accuracy of a length or 
area measurement? 
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INTRODUCTION 

Cartometry as a concept has existed in cartography for more than 100 years. It includes a set of procedures for 
measuring the quantitative components of the phenomena depicted on the map, including the analysis of the information 
they provide. However, while other subfields of cartography, such as projection, surveying, and thematic cartography, 
are well elaborated, theoretical cartography is less concerned with this area. In 1977, Maling described the situation of 
cartometry as follows: “From the point of view of a scientist who wants to measure distance or area on a map, there 
seems to be no particular problem. Instruments have been edited for these purposes and their use is described in many 
elementary textbooks. The briefness of these descriptions is which may mislead the user as to how the data should be 
handled and why this important aspect of map use should be considered a neglected science, such as how to measure the 
length of an irregular line from all English textbooks. it is best known in only twelve lines.”  

The fact that cartometry is one of the most neglected areas of cartography is no better proof that the concept itself, the 
content of cartometry, is not really defined. Hake defines it as follows: “Cartometry is the measurement on a map that 
was originally a subfield of mathematical geography. In topography, cartometry is the measurement or calculation of 
angles, lengths, areas, and in thematic cartography the measurement or calculation of signals representing different 
quantities and values to create new maps. prepare.” In 1973, the International Cartography Association (ICA) defined 
cartometry as follows: “... measuring and calculating the numerical values that can be obtained from the map”. 
Although the English version of the definition is still ongoing, it is no longer included in the Multilingual Dictionary of 
Cartographic Terms. The definition of ICA cartometry mentions other information carriers in addition to the map, such 
as possible subjects of cartometric measurements: aerial photographs, space photographs [Maling, 1989].  

To summarize the various definitions, cartometry deals with the measurement of the following phenomena on a map or 
other medium (aerial photographs, space images):  

• determining the position (coordinates) of a point,  

• the distance between two points, resp. length of a given line,  

• area,  

• angle (direction),  

• the number of objects represented.  
Additional quantitative data can be calculated from a combination of these: volume, slope, etc. The cartometric 
significance of angle measurement (directional measurement) is relatively small, of special significance in only a few 
areas. The “neglect” of cartometry within cartography is well demonstrated by the fact that only a few pages are 
devoted to this area in the comprehensive cartographic literature, whatever the language (as evidenced by the earlier 
Maling quote). For further evidence, here is a list of books that are certainly complete on cartometry (in chronological 
order) [Maling, 1977]:  
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• Volkov, N.M.: Theory and methods of cartometry (1950), in Russian 

• Kuska, F.: Cartometry (1956), in Slovak 

• Libaut, A.: Les measures sur les cartes et leur incertitude (Map measurements and their uncertainty), Paris, 
1961. 231 pp., in French 

• Kishimoto, H.: Cartometric Measurements (1968), in English 

• Maling, D.: Measurements on the Map (1989), in English 
The real importance of these works is not only to list the possible measurement methods, but also to describe in detail 
the accuracy of each procedure, emphasizing that the characteristics of the phenomenon to be measured (e.g. size of the 
area to be measured, complexity) determine the most suitable measurement method. Although the last comprehensive 
cartographic works published in Hungarian contains chapters entitled “Measurements on the Map”, it is more of an 
educational nature, so much so that the word cartometry does not appear in these books. 

In Maling’s In Maling's voluminous 23-chapter book, he devotes one chapter specifically to computer procedures 
(Cartometry and the Digital Computer). The chapter concentrates on raster and vector data capture and storage, with 
some examples of how to determine the length of linear map elements in vectorised or raster maps. The chapter deals 
with the analysis and use of satellite images (raster files) for cartometric purposes, but of course in a software and 
hardware environment of the late 1980s [Maling, 1989]. 

I wrote my university doctor dissertation on cartometry just at that time. (I only found out about Maling's book shortly 
before I submitted my dissertation, so I did not get much out of it.). The main goal of my dissertation – mainly due to 
the shortcomings of the Hungarian language literature – was to describe the possible methods of measuring the 
individual map elements for cartometric purposes and their accuracy, and to briefly outline the role of cartometry in the 
process of map interpretation. Even then, I felt that the part of my dissertation presenting cartometric procedures was 
already of historical significance. In the case of digital maps and measurement procedures, we do not really need to 
know the principle of measurement itself. The exact position (coordinate) of each map object is regularly stored in a 
GIS system. With this, the role of the neglected discipline of cartometry has disappeared, because in fact classical 
cartometry itself has disappeared, at least for scientific and operational measurements, as the problem of selection and 
accuracy of cartometric procedures has been eliminated.  

CARTOMETRY TODAY 

Nowadays, the widespread use of computer cartography and geoinformatics means that users do not have to concern 
themselves with cartometry, as it is very easy to retrieve data on individual map objects (coordinates, length, area, 
angles, number of objects, etc.) from a geoinformatics database. It is another matter that users do not have much 
information on the method used to produce these values or on the accuracy of the results obtained. 

Location, coordinates 

Since nearly all topographic maps are provided with a coordinate network (km network or geographic coordinates, or 
both), determining the coordinates of a point was not a complicated task on paper maps. Of course, the accuracy of such 
cartometric measurements increases as the scale of the map increases. 

Among the various cartometric measurements, the determination of the coordinate of a point is an operation for which 
the use of the largest possible scale is not a problem, and in fact it is advisable, since in this case the measurement takes 
the same amount of time, regardless of the scale. The essence of the measurement is to determine the position of the 
point by means of the coordinate lines (interpolation). On maps at smaller scales, problems can arise because in most 
projections the geographic grid lines are not straight, or because simple interpolation between two adjacent grid lines is 
not accurate due to non-linear mapping. However, if a large scale map (1:10,000, 1:25,000) is used to determine the 
coordinates, this problem is not encountered. 

In digital cartography, the coordinates of individual map elements are of fundamental importance. In the case of manual 
digitisation (as probably all elements of a digital map were originally generated from a paper map, but in the last 
decades they were mostly generated using other remote sensing methods (orthophoto, lidar), the resolution of precise 
digitising tables used for cartographic purposes can reach 0.05 mm, i.e. about an order of magnitude higher than the 
positioning accuracy of the operator performing the digitisation [Zentai, 1991]. 

For a professional cartographer, it is self-evident that the same map object (e.g. a settlement) will appear as a point 
object or as an area object, depending on the scale of the map. In most cases the users do not even know which 
coordinates are representing an area feature (e.g. a city) in a smaller scale, where the feature is represented by a point 
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symbol only. This is the essence of the centroid function of GIS software: a point is assigned to the area of a city, whose 
coordinates represent the settlement. 

In global mapping services, it goes without saying that each point (point features, linear/area object polygon points) is 
stored with its geographic coordinates, for example. For the sake of simplicity, instead of degrees, minutes, seconds, it 
is preferable to use degrees or fractions of degrees. OpenStreetMap, for example, gives geographic coordinates to 7 
decimal places, which is perhaps unnecessary, as it can be used to give coordinates to an accuracy of less than one 
metre (Figure 1). 

 

Figure 1. Nessebar area on OpenStreetMap (Artium centre of culture and education is not marked on OSM, the nearest 
feature (a grocery) was used for demonstration)). 

Linear features, measurements the length of a line 

The various classical methods of cartometric length measurement can be divided into two groups. The classical methods 
usually require some special instrument (although often very simple, but even electronic instruments were developed 
some decades ago) and can be used to perform the complete measurement. Probabilistic methods did not require a 
special instrument, at most some kind of transparent cover, but the procedure is nothing more than an average of 
estimates, a statistical sample. But probabilistic methods are only of historical scientific importance. 

In almost all methods where some mathematical calculation is used to obtain the length of the line, the formula used for 
the calculation includes a factor that is difficult to define objectively, which is intended to characterise the sinuosity and 
complexity of the line. Therefore, however suitable the method or formula itself may be, the subjectivity which makes it 
possible to determine this factor (usually a series of specific measurements is required) calls into question the accuracy 
of the method. 

The French mathematician B. Mandelbrot is credited with a revolutionary new approach and solution to the problem. 
He used Richardson's earlier experiments [Richardson, 1963] to arrive at the world of fractals. Using the example of the 
British Isles, Richardson showed that as we refine our measurements, the area of the British Isles increases 
proportionally, i.e. if n is the unit of measurement, then the area is proportional to squared, i.e. the area of the British 
Isles has a limit. However, the same was not true for the perimeter. The measured perimeter did not increase linearly 
with the refinement of the unit of measurement, but by a factor of about n1.25, i.e. there is no limit to the perimeter of the 
British Isles. 

Mandelbrot therefore did not regard the coastline as a simple two-dimensional line, but instead described the number of 
dimensions by a fraction between 1 and 2, depending on the complexity of the coastline; the coastline of the British 
Isles is therefore a 1.25-dimensional fractal. Therefore, if we measure the coastline in this unit (km1.25), it will have a 
boundary value [Mandelbrot, 1967]. 

The users of GIS systems are not really aware of these curiosities, which are nowadays more of a scientific history. 
Which is understandable, since if we know the geographical coordinates of all map objects and all their polygonal 
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points, the calculation of the length of a line map object does not cause any problems for the computer software. Of 
course, the problem discussed by Mandelbrot may still affect the result, but this is more likely to be of minor 
importance. It is suspected that the magnitude of this effect dwarfs the effect that might be caused by the less than 
accurate digitisation of the line. Since map objects have been surveyed by lidar in recent years or decades, the accuracy 
of the polygonal points of the objects is certainly within the accuracy expected at the scale. 

When the distance between two points on the ground has to be determined, the question has already arisen whether to 
consider the surface as a plane and work with simple plane coordinates or to use geographic coordinates and spherical 
triangulation (taking into account the ellipsoid surface). The surface considered as a plane is only acceptable in good 
cases for cadastral maps. 

Another interesting question is whether, when we want to determine the distance between two points, we should treat 
the problem as a three-dimensional spherical-triangular problem. Today, in the age of digital elevation models, there 
should not be any particular computational problem in dealing with this, but the difference in magnitude between the 
difference in height and the horizontal distance is presumably not taken into account in the calculations. 

Measurements of area 

While the cartometric measurements were made on the basis of paper maps, it seems clear that the most suitable 
projections for measuring area are those that are equal-area projections. Topographic maps, on the other hand, are 
almost everywhere in the world conformal and only these maps are really suitable for measurements with high accuracy 
requirements. The problem was of course only apparent at the time, because at a scale of 1:100,000 the systematic 
errors in the measurement procedure (of any kind) on a quadratic projection exceed the extent of the area distortion. 

The best-known and most commonly used instrument in the analogue era was is the polar planimeter, which has one tip 
(the tip of the axis) fixed to the surface (a needle with a weight) during the measurement. The instrument moves around 
this tip as an axis. The measuring wheel is mounted on this shaft arm and its distance from the shaft tip is adjustable, 
depending on the size of the shape to be measured. The first such instrument was produced in the mid-nineteenth 
century and has not changed much in appearance since then, although a digital version now exists (although the digital 
instrument is also more likely to be used only in environments where paper maps are required (e.g. map libraries, 
archives)) (Figure 2). 

In the digital era, projection has no meaning in this sense, since the digital database works with geographic coordinates 
and projection is essentially only relevant in the display visualisation, rather only at a small scale. 

If the map area of a feature is measured, the result will not be the actual area value measured in the field, but the area of 
the image of the shape projected onto plane. In other words, the slope of the terrain, the topography, is ignored (as 
already mentioned for distance measurement). But if special needs arise, the terrain area can be calculated in this way, 
taking into account the third-dimensional data of the terrain model (this only makes sense and is relevant on a large 
scale). 

 

Figure 2. A digital planimeter made in the 1990s. 
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Other measurements 

In the case of maps, the measurement of angles is of more serious importance (this makes most sense for topographic 
maps used for field navigation). The determination of angular value, although possibly equally important to the user, is 
not nearly as important in cartometry as the measurement of length or area. The primary reason for this is that the 
(paper) map itself is only capable of measuring angles to an accuracy of 0.5 to 1 degree at most.  

If the exact value of a map (field) angle is required, it should always be calculated from the coordinates obtained during 
the survey. In the case of small scale maps, where the projection distortion can be considerable (especially if no 
conformal projection is used), the coordinates of the three points forming the angle must be determined and from these 
coordinates, using appropriate spherical triangulation relationships, the angle value can be calculated with a precision 
corresponding to the accuracy of the coordinates of the points. 

Cartometric activities also include quantifying the map occurrence of a given object, e.g. counting houses, rocks, lakes. 
Even Maling's seminal work treats this area rather casually, perhaps only Kishimoto has dealt with the subject in depth. 
Theoretically, the question of accuracy and precision of measurements does not exist in counting, at least not in the 
same sense as for other types of measurement. In the digital age, it is no longer necessary to mention this problem, since 
the number of objects can be determined from a wide variety of points of view by querying the GIS database. 

Other phenomena are e.g. slope angle, volume (these are more relevant for large scales). For these, it is necessary to 
take into account the third coordinate of the point, the altitude. 

 

Figure 3. Query data from GIS database (including numerical values, like an area of forestry section), Hungarian 
forests’ database (https://erdoterkep.nebih.gov.hu/) 

CONCLUSION 

It is not so easy to give a clear answer to the question in the title (Does cartometry still matter?). As a researcher 
previously involved in the subject, my answer is definitely yes. But it cannot be denied that today's users do not really 
have much knowledge (and are not aware of) of how a measurement result, a numerical value, is actually obtained or, 
more importantly, what its accuracy is. From this point of view, it is certainly useful for users of GIS systems to be 
aware of this problem. 

Research in this field is also very interesting and instructive from the point of view of the history of science, but it has 
to be admitted that it has no practical relevance nowadays, users trust that the GIS system or global map service they 
use handles the problem correctly. However, it is worth remembering that if knowing the accuracy is important, it is 
also important to dig deeper and understand how the measurement values are calculated by the computer application or 
digital service. 
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