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Preface

The Story Behind the Masterpiece

As for my maps, I have heard people say that illustrative maps have been made for a long time. My maps do not just show, they also count, they calculate for the eye; that is the crucial point, the amendment I have introduced through the width of the zones in my figurative maps and through the rectangles in my graphic tableaus.

—CHARLES-JOSEPH MINARD, 1861

The French civil engineer Charles-Joseph Minard, whose long life spanned the final years before the French Revolution through the latter half of the nineteenth century, left behind an impressive body of statistical graphics and maps. Motivated by the intellectual problems he encountered during his professional practice, Minard embarked on a quest to create compelling visualizations to support the analysis of statistical results. He conducted in-depth studies over many decades, and his efforts finally led him to create one of the most famous information graphics ever made: a statistical map of Napoléon’s Russian campaign of 1812.

Published in 1869, one year before Minard’s death, this graphic eloquently summarizes Napoléon’s disastrous military endeavor. On a basemap of what are now Lithuanian, Belarusian, and Russian territories, it visualizes one particularly telling statistical variable: the sharp and steady loss of soldiers that Napoléon’s army suffered during the roughly six months covered in the graphic. Though 420,000 men triumphantly invaded Russia in June 1812, the army was already significantly reduced by the time it arrived in Moscow three months later. When Napoléon ordered the troops to retreat from Moscow in the fall, he sent his men to certain death, as they faced an extremely harsh winter in the wide plains of western Russia without any support or infrastructure. The map shows that only some ten thousand soldiers survived [60].

This work has stood out from Minard’s extensive oeuvre for a long time and continues to do so today. Its fame has even produced some curious mementos, such as a T-shirt featuring the Napoléon flow (currently available, along with other Minard-related merchandise, in several online shops).1 With its singular rhetorical power, the graphic is often treated as an isolated effort, which ignores the fact that Minard had originally published it alongside a second campaign map recounting an event from antiquity. Much of this selective fame can be traced back to the enthusiastic praise that the American statistician and political scientist Edward Tufte bestowed on this graphic. He reasoned that “it may well be the best statistical graphic ever drawn,” and published a facsimile of it.2 Tufte, through his groundbreaking books on the principles of designing statistical graphics, can be credited with having brought the work of Minard to the attention of a wider contemporary audience.
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The Royal engineer Lieutenant Henry Drury Harness drew this map in 1837 as part of an atlas to accompany a report by the Irish Railway Commissioners. It is considered to be the first flow map and preceded Minard’s work by a few years. However, there is no sign that the latter had any knowledge of this atlas.



Tufte was by no means the first author to ardently praise Minard’s work. As early as 1878, the French scientist Étienne-Jules Marey reproduced the Napoléon map in his comprehensive compendium, La méthode graphique dans les sciences expérimentales et particulièrement en physiologie et en médecine (The graphic method in the experimental sciences and particularly physiology and medicine). He also recognized the immediate visual power of this work, celebrating it with the much quoted remark about “its brutal eloquence, which seems to defy the pen of the historian.” 3 Marey also referred to Minard’s larger body of work, labeling his method “the Minard system” and stating that it had inspired numerous imitations and applications.4 Over the course of the twentieth century, cartography and statistical visualization historians—namely Howard Gray Funkhouser, Arthur Howard Robinson, François de Dainville, Josef W. Konvitz, Gilles Palsky, and Michael Friendly—provided more extensive accounts of Minard’s oeuvre of statistical maps.5 Unfortunately, despite these historians’ groundbreaking work, many of Minard’s maps have remained unknown to the broader public; all the while, general interest in the history of thematic mapping and statistical graphics has grown exponentially following the surge in information visualization since the 1990s.

It is no coincidence that we should take a renewed interest in Minard’s impressive body of work. There are several powerful forces shaping his oeuvre that resonate in our contemporary culture. One of these is an unprecedented abundance of data. The early nineteenth century saw the rise and establishment of the new science of statistics, and Minard, as well as many of his contemporaries, viewed it as a fertile source of information and began to work with this data. Though statistics is now a well-established scientific field, we too are experiencing an unprecedented abundance of structured data, brought about by the rise of digital technology—and it is no coincidence that visualization research has seen a massive rise over the past decades.

Another factor that shaped Minard’s oeuvre was the profound change that new communication and transit technologies—such as steam locomotion, the railroad, and the telegraph—brought to the nineteenth century. We also find ourselves in the middle of a technological revolution, which has led to an urgent need to discuss, reflect, and understand the machines that pervade ever more aspects of our lives and create an atmosphere of unprecedented complexity. Minard worked within a sphere of well-educated people who embraced the challenge of grappling with the new developments. He was a pioneer in a movement that aspired to make statistical data useful in the face of monumental cultural changes, and he contributed more works to the emerging field of information visualization than any other single person in the nineteenth century.
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Independently and parallel to Minard, the engineer Alphonse Belpaire created a flow map on traffic in Belgium over the year 1843. The map does not bear a date, but it is likely to have been published in 1845. Blue bands refer to roads, rose bands to railroad lines. The flow width shows quantities of transport, such that a half millimeter represents either 10,000 tonnes of goods, 5,000 tonnes of baggage, or 30,000 travelers.



Although he worked with various methods, Minard is particularly associated with the development of the flow map.6 However, he was neither the first nor the only one to attempt an integration of cartography and the “graphical method” in the form of the flux.7 We know today that at least one man preceded Minard in creating a flow map: the engineer Henry Drury Harness, who created an atlas of six thematic maps relating to railroad traffic in Ireland in 1837.8 A few years later, and seemingly parallel to Minard’s, the Belgian railway engineer Alphonse Belpaire produced a flow map of his own.9 Regardless of these instances, the flow method can be considered Minard’s major theme in and contribution to information visualization, with forty-one such maps in large-format by his hand alone.

This book will explore the following questions: What is the “Minard system”? What prompted Minard to develop this method? What lucky coincidences were involved in creating such a large body of work? What obstacles did he encounter in visualizing data in this manner? And when and why did he resort to other visualization methods? The introductory essay highlights the major influences that shaped Minard’s intellectual life and set the stage for his oeuvre of statistical graphics. The catalog presents a complete collection of Minard’s statistical graphics as well as detailed documentation of his technical drawings. This book thus creates an integrated view that will allow for a thorough account of Minard’s studies in statistical visualization, and that aims to make the conditions and results of his efforts known to a larger public.


Introduction

The Minard System: A Geography of Flux

Life and Career

Charles-Joseph Minard was born in 1781 to a middle-class family in Dijon, France, where he was educated at the local college. He showed a preference for mathematics and physical sciences early, and, at the age of fifteen, he entered the recently founded École polytechnique in Paris, where he studied from 1796 to 1800. He was subsequently admitted to the prestigious École des ponts et chaussées in Paris to pursue a degree in civil engineering (ca. 1800–03). To this day, this school is the training center for the renowned state-run Corps des ponts et chaussées (now a part of the Corps des ponts des eaux et des forêts), a national body of expert engineers tasked with overseeing the French traffic infrastructure. All through his professional career, Minard remained closely associated with both the École and the Corps; the École archive continues to maintain the complete collection of Minard’s works. After graduating from the École des ponts et chaussées, Minard pursued a long and successful career that took him from civil engineer, to inspector, to member of the Corps. In 1822, at the age of forty-one, he married the daughter of a college friend from Dijon. The couple had two daughters who grew to adulthood; one son was lost in early infancy.

In 1831, at the age of fifty, Minard joined the faculty of the École des ponts et chaussées as professor and inspector while continuing his duty as an engineer of the Corps. The Almanach royal lists 29 Rue de l’université, in Paris, as Minard’s address from 1839 to 1844, though he may have lived there longer.1 In 1846, in his midsixties, he was given the honor of becoming a permanent member of the Conseil général des ponts et chaussées, a council that directed the work of both the École and the Corps. Minard retired in 1851 at the age of seventy. He then enjoyed almost twenty years of retirement in sufficient health to follow his personal research interests—to read, write, and publish and, most significantly, to create a comprehensive body of statistical maps. In September 1870, at the age of eighty-nine, amid the accelerating events of the collapsing Second Empire and the approach of the Prussian troops, Minard rashly fled to Bordeaux with a part of his family, leaving behind everything except for light baggage and some papers he was working on. He died in Bordeaux from a fever a few weeks later.2 Curiously, no portrait of him seems to have survived.

Minard’s early career was dedicated to engineering services such as inspecting, securing, and building waterways, port installations, and bridges. He was regularly sent on assignment all over France, and in 1839 he was named district inspector to oversee the maintenance and construction of local infrastructure, first in the ninth inspection district, which comprised six departments (administrative districts of France) in the south, and later in the fifteenth inspection district, encompassing several regions in central France.3

Traveling and field study were an important part of his work, as was recording his findings and projects in notes, technical drawings, and plans. In 1830, in addition to his duties as a member of the public engineering corps, he was named inspector of the École des ponts et chaussées. He taught one course on construction works for canals and riverbeds, and another on fortification works for maritime harbors.4 As the innovative technology of the railroad steadily gained a foothold in England and was tested throughout the 1820s in early applications in France, Minard found himself tasked with teaching a course about the new technology, though he had little theoretical or practical knowledge about it. However, he devoted himself to the new subject with ardor, seeking to expand his experience by traveling to England at his own expense to learn about the latest developments. He published his findings in a 1834 transcript of his course.5 In addition to these various endeavors, in 1831 he joined the editorial board of the newly founded Annales des ponts et chaussées—the oldest modern professional civil engineering journal—to which he regularly contributed articles on a variety of technical issues.6
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One of Minard’s first engineering assignments was the terrain study and construction planning for the extension of the Canal du Charleroi in Belgium (then French territory) between 1802 and 1804. The legend of this 1839 map mentions Minard as one of the engineers sent by the French government to advance the project, even though their designs were not ultimately considered in the execution.
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The published transcripts of Minard’s courses at the École des ponts et chaussées contain extensive diagrams, plans, and large-scale maps. This is plate 9 from his course on harbor construction works. The drawings show Minard’s skilled draftsmanship and attention to visual details in his use of different types of lines or intricate hachures.



Out of the various currents shaping Minard’s professional career, there are three particularly interesting aspects that set the stage for him to develop a keen interest in charting economic data in diagrams and maps. First, the daily practice of drawing and mapping had always been an integral part of his engineering work; he used visual aids as a tool for both the analysis and the communication of technical and related engineering issues. Second, midway through his career Minard developed an understanding that complex infrastructural projects such as the ones he was working on must be considered not only in terms of technical feasibility but also in regard to their financing, usage, and public utility. Minard was interested in introducing a political economy framework into the more technically oriented discipline of civil engineering. And third, his work in statistical mapping is marked by a general appreciation of a fact-based scientific practice, which tends to value empirical evidence over abstract reasoning and intuition—a tendency that Minard shared with many of his contemporaries and that accompanied the rise of statistics as a science over the course of the nineteenth century. It is along these lines that we will observe the evolution of Minard’s oeuvre of statistical maps.

Drawing and Mapping for Engineering

In the rich body of Minard’s work, we encounter an engineering practice that utilizes drawing and mapping on a regular basis to record and communicate technical issues as well as to design and project technical constructions. This is not an achievement that can be attributed solely to Minard. Rather, we should see him as having been trained within a European engineering tradition that for centuries had valued drawing and mapping as an indispensable tool to communicate issues of technical construction.7

This deeply rooted appreciation for the practice of drawing and mapping was engrained in the training of aspiring engineers from the early days of the École des ponts et chaussées in the Ancien Régime. The institution started in 1747 as the Bureau des dessinateurs, which coordinated the work of the Corps des ponts et chaussées. Not only engineering and technical drawing, but also measurement techniques, linear and aerial perspective, and mapping all formed a regular part of the curriculum at the school, which Minard joined in 1800.8

We may presume that he acquired sufficient proficiency in technical drawing and mapmaking through his education, a fact that is confirmed by drawings and plans in his early writings. One of his first brochures, published around 1825, contains two plates: one regional project plan and one diagram. The brochure was written and drawn while Minard was engaged in municipal service in Paris and devoting himself to the subject of the city’s pavement.9 The pamphlet first analyzed the history of the ways in which the municipal pavements in Paris had been maintained throughout the previous 188 years, before proposing a new canal—supported by several short, horse-drawn railway lines—to provide Paris with large amounts of high-quality yet affordable cobblestones from the banks of the river Yvette.10

The preceding historical analysis is accompanied by Minard’s earliest known diagram [1]. Notably, this piece utilizes the abstract representation space of the timeline to follow various key figures throughout a period of 188 years. In Minard’s era, the concept of a timeline was less prevalent than it is today. The plotted graphs are hand colored for better legibility and differentiation. For each graph, the legend provides a scale, so that the reader—using a ruler—would be able to measure the precise values on the vertical axis. While this way of deriving exact numbers from the charted graphs is certainly tedious, the diagram also reveals more general temporal patterns.11

This early venture in abstract statistical representation was not, however, promptly followed by similar attempts. We don’t know exactly what inspired Minard to create this sort of timeline, although it does seem fair to assume he was influenced in part by the work of William Playfair. Playfair’s Commercial and Political Atlas had appeared in French translation as early as 1789, and Playfair himself experienced a somewhat more favorable reception in Paris than in his native Great Britain. Minard could very well have drawn on this in the early 1820s; however, there is no proof of his familiarity with Playfair until 1861.12

Minard does not proceed on the path of statistical representation until the mid- 1840s. However, several of his publications in the intervening years testify to his continuing practice of recording and communicating information in technical drawings and plans. In particular, all three of the comprehensive transcripts of his courses (published between 1834 and 1846) contain extensive visual documentation.13 For instance, the latest of these publications, the Cours de construction des ouvrages hydrauliques des ports de mer, contains twenty-five plates of delicately engraved drawings, bound in a separate atlas to accompany the volume of text. These visuals cover natural phenomena, such as wind patterns, recorded in diagrams; sea currents and shifting coastlines in large-scale inset maps; plans of local harbors and the layouts of several existing ones; and construction drawings. All plates are signed “Ch. Jo. Minard del.,” clearly demonstrating Minard’s authorship.

Even if we attribute some credit for the exquisite execution of these prints to the engraver (“Lemaitre sc.”), the plates still testify to the fact that Minard had perfected his draftsmanship and paid attention to the smallest visual detail. For instance, he used an intricate dotting or a delicate hachure to separate the shore from the sea in large-scale maps of estuaries and islands, and he employed several different types of lines to plot the ever-shifting course of a coastline.14 Also notable are the clean and minimalist aesthetics that these drawings convey. Not only are they refined in every detail of their rendering, including the lines, the dotting, the hachure, and the concise labeling, they also have a very “modern” appeal to them, narrowly focusing on the technical issues at hand and refraining from any graphic decoration. This is a characteristic that we will continue to observe in Minard’s later statistical representations.15

Given this habitual practice of drawing on visual aids—whether to clarify pre-existing conditions or to draft a new technical structure—it is unsurprising that Minard would employ these skills when facing a very new sort of problem.

Infrastructural Projects and Economic Thinking

Cost estimates and, more generally, the economic evaluation of an infrastructural project had long formed an important part of engineering work. However, as the construction works of both the Corps des ponts et chaussées and the engineers themselves were all paid for by the royal and, later, the national budget, it is plausible that they were not as concerned with economic considerations as private businesses would have been. Furthermore, the evaluation of investments in infrastructure often proved to be intrinsically difficult during the eighteenth century. For instance, the Crown did not impose any nationwide road charges, meaning that the return on investing in good streets did not come back to the state but stayed with streets’ users, thus eluding deeper analysis. This changed with the arrival of the railroads in the 1820s and 1830s, which combined investment (in the infrastructure) and operation (of the trains) into one system, which would yield returns by requiring users to pay for their tickets. This enabled the engineers to assess in detail the investments made in a particular railroad line versus the returns that its operation would yield.16

In Minard’s obituary, Victorin Chevallier, Minard’s son-in-law and fellow engineer, wrote that when Minard entered the faculty of the École des ponts et chaussées in 1831, he wanted to establish a new position to teach applied economics to the engineering students.17 Chevallier further recounts that Minard had pondered economic questions for a long time and had read the works of the most eminent economists. The new teaching position did not come into fruition until 1847; however, the debate about its creation inspired Minard to write a paper in 1831 that outlined his ideas of what an applied economic science for engineers could look like.18 This extensive treatise, Notions élementaires d’économie politique appliquées aux travaux publics (Basic notions of political economy applied to public works), is a detailed effort to assess the utility of public works. While there was sufficient experience among engineers to figure out the necessary investments for a given construction, it was difficult to assess the expected returns. Minard wrote, “In the current state of our society, public constructions...almost always have as their goal to improve existing conditions; it is this improvement that we should try to express economically, and it is the economies which represent the utility created.” 19 In the paper, he tried to develop methods for how exactly the economies of a structure—whether a bridge, canal, or railroad line—could be expressed in a common unit such as money.

It is no coincidence that such considerations would resurface with renewed relevance in the late 1820s, when the railroad gained traction in England and saw its first small-scale applications in France. The new technology confronted the state engineers of the Corps with a whole complex of intricate questions: How can we predict the future usage of the railroads? How can we assess their utility against the investments that will have to be made? Is the relation of investments and utility such that we should envision a national railroad system? As previously mentioned, Minard investigated the new technology and laid out his knowledge on the subject in a publication in 1834. At the time, his economic assessment of the railroad was rather ambiguous: Minard considered its utility to consist mostly in saving time. He acknowledged that faster travel might be helpful for passengers such as businessmen; he felt, however, that saving time was not really necessary in freight traffic. Therefore, he was not certain if steam-powered locomotives were preferable to horse-drawn railroad carriages for the transport of merchandise, given the high investments necessary for the former. It is ironic that Minard—a celebrated innovator in the field of statistical representation—is remembered by some historians of technology as a witness to the inherent inertia of the state-run engineering corps, whose members were not visionary enough to see the full potential of the railroad.20 His reserve, however, can be understood in the context of his efforts to assess the balance of investments and predicted future usage for traffic infrastructure projects.

When turning to the first group of statistical works that Minard created, beginning in 1844, we can see this rationale at work: he systematically investigated the demand for particular traffic infrastructures. He had formed the belief that new railroad lines would pay off only if they were conceived to serve not just their end points but also the smaller towns along the route, since most passenger and freight traffic was to be gained on short distances between intermediate stations.21 In order to support his argument, Minard embarked on a quest to assess as precisely as possible the current usage of existing traffic routes, both as an analytic tool and to help predict future demands on specific lines. The first elaborate example to have survived is a sheet of six diagrams dating from May 1844 [3]. The diagrams each represent one particular railroad line in a bar chart, over a horizontal axis subdivided proportionally by the distance between intermediate stations. The vertical axis represents the number of passengers who traveled each section during a given period of time. As the product of distance and passenger trips, the surface area of each rectangle represents the transportation performance for the given part of that railroad line. Minard distinguished between two different types of voyage: the dark hachure refers to passengers traveling the distance from one end point to the other, while the brighter areas represent passengers who traveled only along one or several sections of the route.22

In analyzing the traffic flow for existing railroads, Minard sought ways to help predict demand on existing or projected routes. And indeed, these diagrams were very helpful in comparing passenger flux along particular lines. They support Minard’s argument that most travel happens between intermediate sections (except for the line between Orléans and Paris in the lower right, where passengers traveling the full distance account for a substantial share of all traffic). Also, general usage patterns of specific routes become easily discernible, like in the three Belgian lines (the top three diagrams); the most passengers travel between Brussels and Mechlin.

Over the next two years, Minard created three more variations of this format, which he termed “graphic tableau” or “figurative tableau.” In a brochure published in 1846, he described his rationale for these diagrams: “However, the numbers—of an undisputable statistical utility—are not as easily apprehended by the eye as figures proportional to them. I have thus drawn a figurative tableau of passenger traffic.... This tableau speaks to the eye and renders accessible the results as a whole at one glance.” 23 Among these tableaus, one colored piece from December 1845 is particularly worth examining [5]. It introduces no fewer than nine different categories of merchandise that are observed in their travels along the Canal du Centre. Minard did not confine himself to showing the quantities of each type of merchandise in the height of the stacked sections; he also tried to describe the direction of movement by introducing arrows. However, as he executed this rather erratically, it is difficult to read the orientation for select amounts of goods. In the first brochure about his statistical graphics, Des tableaux graphiques et des cartes figuratives (1861), he explored the problems of this distinct diagram: “This mode of representation has a little drawback regarding commercial use: sometimes, the journey of a commodity cannot easily be followed with the eye, because the rectangles of the same color representing it are separated by those of another color. If one would like to track the journey of this commodity, it takes a tableau graphique for this one alone.” 24 This way of reflecting on his work continually pervades Minard’s oeuvre. For instance, when following Minard’s statistical maps over the years, we can see that he gradually developed an understanding of the intricacies of integrating many different flows into one coherent representation, and that he continually worked on avoiding clutter in his multiflow representations. This is particularly evident in the Napoléon campaign map, which combines the countless diverse movements of many different parts of the army into one continuous flow.

The First Flow Maps

In considering how he could refine his graphical method, Minard soon made a crucial decision: he switched from diagram to map. When he placed his proportional section bars on a map, he went from working with one spatial dimension in his graphic tableaus (i.e., the horizontal axis of the route) to the two spatial dimensions of longitude and latitude. His first flow map from 1845 shows road traffic in the area between Dijon and Mulhouse and can be understood as another effort to predict demands for a future railroad line in the region, which was projected and debated at the time [4]. As simplistic as this map is from a cartographic point of view, it successfully served its objective. Minard reported to have distributed two hundred copies to members of the Conseil général des ponts et chaussées, deputies of the concerned districts, and fellow engineers. Apparently, the map shaped the debate to the extent that a fake copy was soon made in an attempt to prove another route to be more promising.25

Minard’s first productive period in statistical mapping stretched from May 1844 to March 1847. During this time, he created variations of the graphic tableaus as well as the first flow maps. The period was capped by a very intricate and lesser known map, in which Minard introduced several novel features that deepened his approach to statistical mapping [9].26 For the first time, he colored a flow map to distinguish between the various flows. Furthermore, Minard introduced a historical aspect by comparing data from ten years apart. Lastly, Minard added exact numbers along his flows, making it possible to derive precise data from reading the map. Through the experience of seeing his maps used in public discourse, and by elaborating his graphical methods, Minard developed an ever-stronger impulse to draw from the fertile sources of statistics in order to create meaningful visual analyses for engineers and administration officials. Evidently, this also entailed a strong motivation to adhere to the guidelines and “ethics” of statistics.
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In his pamphlet La Statistique (1869), Minard refers to an administrative report on secondary education in Belgium, Germany, and Switzerland. The French inspector general for education, Jean Magloire Baudoin, had visited these countries and published the report in 1865. Minard mentioned the thirty-plus colored graphics featured in the report, referring to this tableau as one of the most impressive ones. It shows the subjects taught in secondary schools in the Kingdom of Wurttemberg, and inspired him to draw one of his last large-format diagrams [59].



After a four-year break between 1847 and 1851, and following his retirement in March 1851, Minard entered into his study of graphic visualization with new fervor. He produced a constant output of statistical maps in large format over the next nearly two decades.27 The majority of these works were flow maps, and while he occasionally tested other methods of statistical mapping (such as proportional and sectioned pie charts placed on maps), he never really returned to using diagrams until very late in his career. We do not know what shaped his specific preference for the flow map method; however, we should not regard it a mere coincidence but rather acknowledge it as a clear decision on Minard’s part. Apparently, he appreciated the flow map for its integration of statistical representation and spatial reasoning, and considered this the most promising path to follow in his visualization studies.28

Statistical Thinking and Empirical Evidence

One key factor in understanding Minard’s work is the rise of statistics through the early nineteenth century.29 In a pamphlet titled La Statistique, published one year before his death, Minard explored the potential of this new field of study and defended it against contemporary criticism, which dismissed it as not being a proper science:

Statistics is the registration of homogenous facts in a systematic, numerical or chronological manner. Memory is the intuitive registration in our brain of ideas or sensations which have left more or less of an impression on us.... In indicating at first the analogy between Statistics and one of the elements most necessary to our understanding, I wanted to relieve it from the state of inferiority in which it has been placed by the scholars, as since memory is indispensable for acquiring our intellectual knowledge, Statistics is the foundation of several sciences at which we wouldn’t have arrived without it.30

The treatise also proclaimed a new genre of figurative statistics, which according to Minard was developing rapidly at the time. Minard went on to present successful examples of statistics and statistical graphics across a variety of academic disciplines, including lawmaking, botany, paleontology, and history. While the argument seems a little odd at times, as he mentioned several scientific procedures which are not—in our understanding—actually related to statistics (such as the systematic description of human organs and their functions in physiology), there is one common denominator to be found. In all the examples given, Minard celebrated a singular approach to acquiring knowledge: the systematic gathering and evaluation of facts.

Minard showed an appreciation for empirical evidence that was shared by many of his contemporaries throughout the nineteenth century. The role of such evidence in statistics and in the emerging social sciences was expressed by the British statistician William Newmarch in 1861:

We have, for example, in Statistics no such body of general laws as are to be found in dynamics, as are to be found in chemistry, or in physiology. But then we claim for Statistics—and it is no small claim to put forward for any branch of knowledge—that it is the application of the Experimental or Baconian method to the several divisions of inquiry which relate to man in society. We say, that where there is no careful application of the Statistical method—in other words, where there is an absence of observation and experiment, so far as observation and experiment can be applied to men in societies—there can be but faint hope of arriving at the truth in any line of research connected with social problems.31
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In his 1861 treatise Des Tableaux Graphiques et des Cartes Figuratives, Minard advocated the use of the graphical method to communicate statistical data. He recapped the work of several of his predecessors and reproduced some models of statistical visualization. The table above shows an early choropleth map by Adriano Balbi and André-Michel Guerry (left, with data from 1825–1827), a diagram by William Playfair (ca. 1787, top right), a circular diagram of the weekly receipts of the French Western railroad company by a Mr. Massicart (bottom center, with data from 1858), as well as an unsigned wind diagram from the Cordouan lighthouse (bottom right, with data from 1842).



This valuation of experience, empirical research, and exact measurements of social or economic phenomena underlies the intellectual framework of Minard’s visualization research. Many details in his maps (particularly in the labeling and text descriptions) testify to Minard’s continuing bid for what we might call “data hygiene”—a responsible and transparent handling of the statistical data he processed in his graphics. He continually strove to disclose not just the sources of his numbers but also his methods for aligning and aggregating data or estimating missing figures.32 Even in his early works, Minard consistently used subheadings or legends to give some explanation of how to read the visualization. In 1847, he began to expand these elements into proper description texts for each map. With very few exceptions, every one of his large-format statistical maps contains one or two texts, which provide information about its topic, sources, and execution, as well as the date of publication and Minard’s signature. The maps are designed to be individual works rather than illustrations integrated into a book. From the sources mentioned in the descriptions, as well as from the data portrayed and several brochures accompanying some of the more complex works, we get the sense that each of his maps must have been the result of a personal research project. At the time, statistical information on matters such as population, administration, or transport was not as readily available as it is today. Repeatedly, Minard indicated that he gleaned his data from not only a rich variety of printed sources but from correspondence with administration officials, fellow engineers, and authorities of commerce or transportation in order to obtain unpublished data for an integrated view of the matter in question.33

Two terms Minard frequently used to describe his maps are “figurative” and “approximate.” The former appears first in 1851 [10] and the latter in 1852 [12], after which time they consistently are used together in the majority of Minard’s maps.34 From his 1861 treatise Des tableaux graphiques et des cartes figuratives, we can discern what Minard meant when speaking of a figurative map—namely, the transformation of statistical numbers into a visual representation:

The great extension which our time has given to statistical research generated the need to record its results in ways which are less dry, more beneficial and more accessible to rapid exploration than the numbers.... In giving statistics a figurative direction, I followed a general impulse toward graphical representations.... In creating a figurative statistics, I satisfied the current need, but have I not just bowed to the taste of our epoch and have I not contributed to enhancing the utility and to shortening the time required for statistical studies?35

This transformation was by no means trivial, and it was also not unanimously supported among statisticians in Minard’s time. Even though many statisticians would acknowledge the inherent potential of graphics to render accessible the results of their research, the utility of the graphical method was often considered to be limited. The German-French statistician Maurice Block expressed the reserve of many of his colleagues when he wrote in 1886, “Notwithstanding all the truly remarkable things that have been done, the graphical representations might never achieve the precision of a table of numbers.” 36 It is therefore unsurprising that many groundbreaking inventions in the field of information visualization in the nineteenth century were contributed not by statisticians but rather by scientists and professionals such as Minard who had a thorough knowledge of mathematics (thus they were able to process statistical results) and sought to understand phenomena of current interest in their respective fields. For all his passion for creating statistical representations, Minard seems to have been aware of the statisticians’ reservations and advocated for his use of figurative maps:

The aim of my figurative maps is less to exhibit statistical results, which could be better established by numbers, than to make relationships quickly apparent to the eye, relationships that are instantly grasped where numbers would require the mediation of a mental calculation. The figurative maps are thoroughly in the spirit of the century in which one seeks to save time in all ways possible.37

As for the term “approximate,” we may assume that Minard started including it as a way to acknowledge that his graphical representations would always have to compromise some scientific standards of precision. On the one hand, he would try to adhere as much as possible to the notion of statistical precision and gradually adopted several measures to achieve the highest possible standard. Those measures included the disclosure of his sources, his estimates, and the facts on which these estimates were based; the inclusion of raw numbers along his flows or next to his pies; and a clear labeling and description of the graphical elements in the legend. The consistent use of graphic scales for the statistical elements, and the precision expended on the exact transformation of raw data into proportional forms, suggests that Minard designed his maps for both an overview and a “close reading,” where the reader would use a ruler to actually measure flow widths or intervals in a diagram.38

On the other hand, Minard quite deliberately and continually transgressed every idea of cartographic precision. He ruthlessly revised coastlines and omitted even big islands [32], widened the strait of Gibraltar [41] and the Bosphorus [58], and dispensed with Ireland and Scotland in a map of Europe [49]. These are just a few examples, with many more to be discovered throughout his extensive oeuvre. As this rather crude treatment of cartographic principles is such a remarkable and pervasive trait in Minard’s maps, it has been much discussed by previous authors. Arthur Howard Robinson, for instance, has written archly of the “tyranny of precise geographical position” from which Minard deliberately escaped.39 And in his discussion of the distinction between topographic and thematic maps in the nineteenth century, Gilles Palsky explained that this rather liberal approach to mapmaking was considered more than strange by cartographers and was one of the reasons why thematic cartography—such as practiced by Minard—was received rather critically within the circles of geographers and cartographers of the time.40

In addition to this “non-Euclidian cartography” (as put by Palsky), it is also interesting to note that Minard’s statistical maps are extremely bare.41 Topographic references are scarce, and landscapes are usually characterized simply by a combination of coastlines and land borders with a few place names positioned loosely on the map. Except for a number of examples where areas are shaded, both land and ocean remain uncolored and are sometimes difficult to distinguish at all. For instance, in the early flow maps of France (prior to 1858), the silhouette of the country is not easily discernable against the dominant flows. Similarly, not all readers immediately understand that the Napoléon campaign graphic [60] is in fact a map. The territory on which this drama unfolds is not visually described, except with a few labels for places and rivers.

Minard was clearly quite skilled in drawing and mapmaking. Had it been a priority to him, he would have been very capable of drawing “proper” maps, or at least of creating ones that do not so boldly defy the principles of cartographic representation. It is evident that his “non-Euclidean cartography” is not the result of coincidence, incompetence, or mere negligence. On the contrary, we must consider it a clear decision on Minard’s part to treat cartography as an “auxiliary canvas” on which his main story (i.e., the drama of the statistical numbers) unfolds. An indication of this is given in his own description on the map where he first used the term “approximate” in 1852 [12]:

The aim of this map was to make apprehensible to the eye the relative importance of several movements of traffic. To this consideration I have sacrificed the topographic exactness. Several distances are altered in order to place the zones and in order not to exceed the measures of the largest stones available for the lithographic printing.42

This remark is echoed by many similar comments in the map descriptions, and it points to the fact that his priority was the representation of the statistical data, which was given detailed attention and scrutiny. In his maps, Minard chose a spatial setup for plotting this data. The space, however, is not described in much detail; it is enough that the map references the mental map the reader harbors in her memory. Moreover, the space is not only denied closer attention but must “recede” when it threatens to interfere with the statistical depiction.

Minard—whether consciously or not—systematically worked to carve out a coherent “story” from a given research question. Throughout his oeuvre, we can observe an ever more consequential habit of editing his maps with the aim of shaping a narrative focus. He did so, for instance, by focusing on just one aspect of a given data set, by collecting data from various sources in order to answer a predefined research question, or by juxtaposing maps to compare data sets over time. He thus gradually developed an expertise in composing rich and detailed dataviews while avoiding the clutter and inconsistencies found in some of his earlier maps.

The Reception of Minard’s Work

Minard published his maps himself; he was not part of any major scientific society or academy, nor did he publish in any scientific journal other than the Annales des ponts et chaussées.43 The American cartographer Arthur Howard Robinson wondered how exactly Minard circulated his maps, reached a wide audience, and made the impact that he did. Robinson concluded: “He seems to have been a lone worker.” 44 This is congruent with Minard’s obituary, where he is described as a rather modest person who didn’t have much talent for self-display and whose career, considering his merits, advanced rather slowly.45

Other than his technical drawings, which were printed as engravings and bound in books or pamphlets, his broadsheet maps were lithographic prints—most of them hand colored, although some maps were printed with color. According to Minard’s writings, two of his early maps were printed and distributed in editions of one hundred and two hundred copies, respectively.46 Lithographic printing generally allowed for print runs of up to ten thousand copies. However, we have no information about Minard’s usual print run, and not many copies of his maps seem to have survived.47 This may be due to a restrained budget on Minard’s part; lithographic prints were an expensive investment for a private budget. Also, with the maps targeted to a specific-interest readership, he may have opted for a limited print run of only a few hundred. As for their conservation, broadsheet maps in general (and even more so statistical maps, whose information grew outdated) were considered tools for daily use (as opposed to precious works of art or decoration) and would usually not have been kept for posterity.

While Robinson’s characterization of Minard as a “lone worker” seems exaggerated, the questions remain: If Minard had each of his works printed in only a few hundred copies, where did all these maps go? Who were the readers he addressed? And how did word of Minard’s work spread? Some of Minard’s notes indicate that he would make the effort to send maps to people whom he thought would be interested, such as fellow engineers, deputies, and local politicians. Apart from that, it may be assumed that his printers would have sold a number of copies in their shops.

Apart from these modes of distribution, there seems to have been one fruitful channel for his oeuvre inside the administration of public works. We know Minard to have been a much respected member of the Corps des ponts et chaussées and its influential Conseil général, which coordinated the work of the Corps and thus all national infrastructure projects. The obituary mentions that he received strong encouragement for his statistical maps from several secretaries of public works.48
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This portrait shows the French statesman Eugène Rouher with a map by Minard draped over the chair. The original painting by Alexandre Cabanel, a famous salon painter in France, was exhibited in Paris at the Salon des Beaux Arts in 1861, and was in possession of Rouher’s family until into the twentieth century. This version is a painted copy by Charles Brun. Eugène Rouher gave it to the Musée Mandet in Riom, his home town, where it is kept to this day.



While in office, the secretary would also head the Conseil général des ponts et chaussées. Minard was first a temporary and then, from 1846, a permanent member of the Conseil until his retirement in 1851. We can assume that he continued to engage with his peers after his retirement, and would therefore have managed to circulate his maps among high ranks of the administration of public works.

In his 1861 brochure Des tableaux graphiques et des cartes figuratives, Minard mentioned that the general director of the Corps des ponts et chaussées, Alfred de Franqueville, had presented his maps to the French statesman Eugène Rouher, who was secretary of agriculture, commerce, and public works at the time. According to Minard, Rouher readily subscribed “to the majority” of his maps, which enabled Minard to publish some ten thousand copies of maps on a variety of subjects.49 This suggests that the subscription made by the secretary encompassed not only single copies for himself but larger numbers of copies that Rouher may have circulated among his clerks and officers—an assumption which could explain how Minard financed the printing of large editions of his maps and how large numbers of his maps found their way into the administration’s offices.
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Guillaume-Emmanuel Comoy was the engineer in charge of the Canal du Centre, and provided the data for Minard’s graphic tableau showing freight traffic on the canal in 1844 [5]. He found this graphic so useful that he subsequently created his own diagrams visualizing traffic on the canal, including this one showing data from 1853. In representing the two directions of traffic in separate diagrams and in using an elaborate grid as a background, he reconciled some of the difficulties of Minard’s 1845 original. As an additional feature, he visualized the cargo for each harbor along the canal.



Rouher went on to be one of the most influential politicians in France over the next decade. (He led the government from 1863 to 1869 and served as a close advisor to emperor Napoléon III and his wife.) Minard reported that his maps had been presented to the emperor Napoléon III, who received them favorably.50 Minard’s obituary states that he had the honor of having one of his maps depicted in a life-size, full-figure portrait of Eugène Rouher, painted and presented to the public at the Salon des Beaux-Arts in 1861.51 It is clearly an indication of a great appreciation that this highlevel politician should have included Minard’s map in his official portrait and introduced Minard’s work to the emperor. It suggests that Rouher valued applied statistics as a means to comprehend some effects of the accelerating industrialization, and that he considered statistical maps such as Minard’s highly expedient tools for administration, suitable to mark Rouher as an icon of modern leadership.

The Impact of Minard’s Work

Minard observed in Des tableaux graphiques et des cartes figuratives that his innovations were almost instantly imitated. He reported, for instance, that he had sent his 1845 colored tableau graphic on the Canal du Centre [5] to Guillaume-Emmanuel Comoy. At the time, Comoy was the inspector in charge of the canal and had provided the data for Minard’s diagram. Apparently, Comoy found the graphic so useful that he started publishing his own detailed diagrams following Minard’s example, visualizing the traffic on the canal every year from 1851 onward.52 By 1854 Comoy’s works had made such an impact that the administration of public works recommended the application of such graphic tableaus to all main waterways (apparently without referencing Minard). Furthermore, Minard recounts that when two of Comoy’s diagrams had been exhibited at the Exposition Universelle in 1855, he felt compelled to claim his anteriority, which was given proper credit when the jury mentioned in their printed report that Comoy’s works were based on Minard’s system.53

Minard also mentioned several other direct followers and applications derived from his examples, including a complex mapping project that the administration of Ponts et chaussées published in twelve sheets to document circulation on national roads.54 Furthermore, through the described channels of circulation, Minard’s maps seem to have gained a large audience among administration officials, social and economic researchers, and employees in private businesses concerned with infrastructure projects, such as the railway companies. It was apparently through a combination of a subscription system, commercial sales in the print shops, many informal contacts, the immediate imitation of his methods by colleagues, and word of mouth that his maps and methods became widely known among technical and scientific circles in France during the second part of the nineteenth century. All told, however, we have no indication that Minard exerted any significant influence in administrative matters, such as in the debates regarding the establishment of the French railroad network. His long-lasting influence lies more in his having inspired many fellow engineers and scientists to pursue the visualization research he so impressively established. Gilles Palsky, in his comprehensive overview of statistical mapping in France through the nineteenth century, summarized the impact of Minard’s oeuvre by saying: “If his works exerted an immediate influence, it was primarily by initiating a period of enthusiasm for statistical graphics between 1860 and 1900.” 55

Minard’s Legacy

Minard’s contribution to the growing movement of data visualization using the “graphical method” is outstanding in its range and extent. It was a lucky concurrence of circumstances that allowed him to create his statistical maps. Apart from the influences described above, we also seem to owe this oeuvre to some simpler, external factors. As most of this work was created after Minard’s retirement, it seems noteworthy that he (though his health seems to have been unstable for long periods of his life) was well and motivated enough up until a very old age to pursue his personal research interests, and that he had the time to research the data and draw the maps, as well as the money and the connections to have them printed.

Tarbé de Saint-Hardouin, who published a collection of biographies on the engineers of the Corps des ponts et chaussées in 1884, described Minard as a person of independent spirits: “The slowness of his advancement, compared to his contemporaries, was without doubt the result of the independence of his mind, and of the occupations he chose, with the single goal of satisfying his affinity for research and without considering the progress of his administrative career too much.” 56 Whether this is a true description of Minard’s character we cannot judge. However, his achievements did require a certain independence of spirit. He developed the impulses of several predecessors to establish a new form of scientific communication. He created a very significant aesthetic in his maps; among hundreds of nineteenthcentury maps, it will always be easy to identify works by Minard, with their minimalist design, well-defined color schemes, and fine execution. Most of his many works were self-initiated and well researched. It appears that until his death at the age of eighty-nine, he was a spirited man, ready to engage with new topics and experiment with new methods. Among the later works of his oeuvre, several maps deviate from the usual traffic- and trade-dominated topics, such as a map about global migration [38], the development of ancient languages [56], two double pieces (including the Napoléon map) that cover historical military campaigns [46] [60], and two diagrams on higher education [59] [61]. In addition, one year before his death, Minard published a brochure on ancient construction techniques, featuring several technical drawings. All of these works testify to his wide-ranging interest and curiosity, which kept him at work until his very last days.
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This flow map originates from the Album de statistique graphique, by Jacques Bertillon, and shows freight traffic in Paris in 1889. The brighter part of the flow relates to incoming traffic; darker flows show expedient transports. Different modes of communication (waterways, railroads etc.) are distinguished by color. The base map and flows are treated differently than in Minard’s works: instead of reducing the base map to the absolute minimum to make room for the flows (as Minard did), the cartographers opted for a transparent flow, which forms a transparent layer over the detailed map.



The archive of the École nationale des ponts et chaussées in Paris, where Minard had close, lifelong associations, keeps a comprehensive portfolio of his works, bound in a volume, that must have been assembled just months or even weeks before his death. In it, Minard had collected and bequeathed to the archive all maps and diagrams he considered relevant in his oeuvre of statistical visualization, certainly with an aim to preserve it for posterity. It would certainly be fulfilling for him to see new generations of engineers, statisticians, and visualization researchers learning from his example. It is unfortunate that at this point no portrait of him is known to exist in the archive of the École des ponts et chaussées or elsewhere. But then it may be most reverent that we should remember him not by his own likeness, but by the power of his celebrated works.


Catalog of Statistical Graphics


1

35 Paris Pavement Maintenance

1825

2

36 Major Canals and Railroads in England

1844

3

38 Circulation on Several Railroads

May 1844

4

40 Circulation of Passengers Between Dijon and Mulhouse

March 1845

5

42 Commercial Traffic on the Canal du Centre in 1844

December 1845

6

44 Travelers Passing Through Grenoble Junction

January 1846

7

46 Circulation of Passengers Between Belgium and Prussia in 1844

May 1846

8

48 Circulation of Goods Between Belgium and Prussia in 1844

May 1846

9

50 Circulation of Goods in Belgium in 1834 and 1844

March 1847

10, 20, 23, 29, 30, 36

52 Series: Transport of Mineral Fuels in France, 1845–1860

1851–1862

11

62 Maritime Ports in France in 1850

April 1852

12

64 Circulation of Goods on French Waterways in 1850

June 1852

13, 16, 18, 19, 22, 27, 31, 35, 39, 43

66 Series: Circulation of Goods on French Railroads and Waterways, 1850–1862

1852–1863

14

78 English Coal Exported in 1850

March 1854

15

80 Circulation of Goods on French Waterways in 1850 and 1853

December 1854

17

82 Circulation of Cereals on French Waterways and Railroads in 1853

July 1855

21

84 Quantities of Meat Sent to Paris

August 1858

24

86 Maritime Ports in France in 1857

January 1859

25

88 Cargo Tonnage of the Major Ports and Rivers of Europe

October 1859

26

90 Goods in Transit in France in 1845 and 1847

December 1859

28

92 Circulation of Wine and Spirits in France in 1857

April 1860

32, 37, 40, 45, 47, 52

94 Series: European Cotton Imports, 1858–1865

1861–1866

33

106 Foreign Coal and Coke Markets in France in 1858

June 1861

34

108 Great Ports of the Globe, 1861

August 1861

38

110 Migrants of the Globe in 1858

September 1862

41

113 English Coal Exported in 1860

August 1863

42

116 Great Ports of the Globe, 1863

September 1863

44

119 Tonnage of Livestock Entering Paris by Rail in 1862

April 1864

46

122 Similar Strategies of Charlemagne and Napoléon

February 1865

48

124 Location of a New Main Post Office in Paris

July 1865

49

128 European Railroad Travel in 1862

October 1865

50

131 French Wine Exported in 1864

No date

51

134 Populations of Spanish Provinces

January 1866

53

135 English Coal Exported in 1864

September 1866

54

138 Coal Production in Europe from 1848 to 1863

September 1866

55

140 Russian Railroad Travel in 1863

February 1867

56

142 Dissemination of Ancient Languages

No date

57

145 Free Trade with England

August 1867

58

149 Cereals Imported to France in 1867

May 1868

59

152 Hours of Latin Study in Stuttgart High Schools

No date

60

154 Hannibal’s March over the Alps and Napoléon’s Russian Campaign

November 1869

61

158 Average Age of Students at École Polytechnique

May 1870


EDITOR’S NOTE: This is a complete catalog of the known statistical maps and diagrams by Charles-Joseph Minard. Not included are technical drawings and plans (a list of those is provided in the appendix). All works in the catalog are kept in the archive of the École nationale des ponts et chaussées in Paris, except for [34], of which there is known to be only one copy, held at the Bibliothèque nationale de France.

The graphics in this catalog are numbered according to the chronology of their creation date, with several undated works listed according to the probable date of their creation. The catalog follows this chronology, except for three distinct series of works. These maps were updated several times over the course of years and are presented here in three associated groups.

The measures given in the catalog pertain to the specific sheet reproduced here. It is important to keep in mind that the measures for Minard’s surviving maps vary from copy to copy, sometimes substantially. This is due to the fact that the maps were printed on sheets larger than the actual graphic, and very often were cropped or cut in pieces and subsequently glued on paper, mounted on linen, or bound in a brochure. Therefore, the measures here only serve to give a general size indication for each map.

The explanatory notes and observations included in most of Minard’s statistical graphics provide substantial insight to his visualization studies. Although his original language is at times vague or ambiguous, we have included translations of the original map text for a selection of the most interesting works. Digitized versions of his works can be found online at patrimoine.enpc.fr/collections/show/12.
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1

Paris Pavement Maintenance

“Tableau chronologique de l’entretien du pavé de Paris”

No date. Lithographic print, hand-colored. 41.5 × 26.0 cm. Published in: Tableau des progrès de la dépense du pavé de Paris pendant les deux derniers siècles (Paris, 1825)

This diagram accompanies a pamphlet about the maintenance of the Paris pavement from 1632 to 1820. Minard described it as a “visual register” that he drew “in order to better grasp all the circumstances of the maintenance.” 1 The colored graphs visualize several metrics Minard calculated by drawing from historical contracts. The yellow graph indicates the total pavement surface area in Paris, while the blue one shows the total maintenance expenditures per annum. The vertical axis is not labeled; instead, readers have to make do with horizontal scales provided for each graph in the top left section. Punctuated graphs indicate a lack of data sources. The diagram reveals a pattern break after the Revolution of 1789, when the maintenance budget (blue) nosedived for several years. At the same time, the average maintenance price per square meter (rose) grew because the pavement gradually wore out.

MINARD TRANSLATED

Chronological table of Paris pavement maintenance

The horizontal line of the abscissae represents the years and each ordinate indicates the surface area or the corresponding expenditure. Dotted lines were used where information was unavailable. Using the scales above, the reader can find the numerical value of each ordinate.
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2

Major Canals and Railroads in England

“Principaux canaux et railways d’Angleterre en concurrence”

1844. Lithographic print. 52.5 × 66.9 cm. Published in: Des conséquences du voisinage des chemins de fer et des voies navigables (Paris: Fain et Thunot, 1844)

This map shows English waterways and railroads and was published in a brochure that discussed the relationship between existing canals and new railroad routes. The booklet contained many data tables to support Minard’s argument that railroads should be built along valleys, i.e., in the vicinity of existing canals. Like the majority of his maps, this work is reduced to the absolute minimum of graphic means: England’s coastlines are barely distinguishable, and the inner landscape is not depicted at all except for a number of location names and a tangle of traffic routes.



[image: image]



3

Circulation on Several Railroads

“Tableaux figuratifs de la circulation de quelques chemins de fer”

May 1844. Lithographic print. 43.4 × 33.7 cm. Published in: Des tableaux graphiques et des cartes figuratives (Paris, 1861)

This is Minard’s earliest tableau graphique. He was convinced that new railroad lines should not just serve their two end destinations, but also foster regional traffic between towns along the route.2 Here he analyzed the traffic on several Belgian and French lines. The height of each bar represents the number of passengers traveling along that section, while the width shows the relative distance. The light hachures denominate the passengers per section, while the dark hachures refer to passengers who traveled the full distance. Minard notes that the traffic is shown “in one single direction”; however, there is no indication which direction he means.
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4

Circulation of Passengers Between Dijon and Mulhouse

“Carte de la circulation des voyageurs par voitures publiques sur les routes de la contrée où sera placé le chemin de fer de Dijon à Mulhouse”

March 1845. Lithographic print, hand-tinted. 71.0 × 45.3 cm. Published in: Des tableaux graphiques et des cartes figuratives (Paris, 1861)

In this revolutionary map, created in the middle of a debate about where to project the railroads between Dijon and Mulhouse in eastern France, Minard analyzed the street traffic on preexisting roads in the region. It is the first time that he implemented the flow map method. The width of each section indicates how many passengers annually traveled on the street. The map itself is extremely stripped down; it features barely any landscape details other than a network of local place names and rivers. The graphic survived in two versions: In the earlier one, the flow is colored in one tint only. Later, Minard differentiated between passengers who traveled on only one section of the road (darker tint) and those who traveled longer distances (lighter tint).

MINARD TRANSLATED

Circulation of travelers by public carriage on the roads of the region in which the Dijon–Mulhouse railroad will be built

The width of the zones represents the number of travelers at a rate of half a millimeter per thousand travelers per year.

The darker zone represents travelers moving between two villages without traveling beyond.
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5

Commercial Traffic on the Canal du Centre in 1844

“Tableau figuratif du mouvement commercial du Canal du Centre en 1844”

December 1845. Lithographic print, hand-colored. 43.9 × 33.6 cm. Published in: Des tableaux graphiques et des cartes figuratives (Paris, 1861)

In this second tableau graphique, Minard analyzed freight traffic on the Canal du Centre. The base line refers to the geographical distances along the canal. The height of each bar shows the amount of goods transported along each section, with both directions considered. Minard differentiated between categories of freight using dotting, hachure, and color. Those are (from the top down): coal, construction stones, plaster, sand and argil, wood, ore, iron, brick stones, charcoal, and “diverse merchandise in transit.” Minard tried to indicate directions by including arrows, but he did not execute this systematically. Still, the arrows add some basic stories, indicating, for instance, that minerals (light brown) traveled only along particular sections toward the town of Montchanin (presumably to be delivered to the nearby industrial region of Le Creusot). The handwritten note on the right was added after the Exposition Universelle of 1855, where several diagrams using the same technique had been exhibited without crediting Minard. In the printed publication quoted here, the jury acknowledged the method had originally been invented by Minard (cf. page 28).

MINARD TRANSLATED

Figurative Tableau of the commercial traffic on the Canal du Centre, 1844–1845

Total commercial traffic is equivalent to 131,000 barrels traveling the length of the canal or 117 kilometers. Transit is included for 16,000 barrels.

One millimeter per thousand barrels—Three millimeters per kilometer.
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6

Travelers Passing Through Grenoble Junction

“Embranchement de Grenoble. Aperçu de la circulation actuelle des voyageurs dans les voitures publics”

January 1846. Lithographic print, hand-tinted. 34.8 × 47.8 cm.

This map survived in Minard’s portfolio of statistical works, but we do not know its original context. It evaluates traffic on several street connections between Lyon, Grenoble, and Valence in southern France. The traffic flows show one thousand traveling passengers with each third of a millimeter. An important variation here is that Minard distinguished the street from the flow of passengers: the street is shown as a black line, while the flow of passengers is tinted gray. Dashed lines indicate existing or projected railroad lines.
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7

Circulation of Passengers Between Belgium and Prussia in 1844

“Tableau figuratif de la circulation des voyageurs nationaux et internationaux sur le chemin de fer entre la Belgique et la Prusse en 1844”

May 1846. Lithographic print. 45.7 × 20.6 cm. Published in: Des voyageurs internationaux sur le chemin de fer entre la Belgique et la Prusse (Paris, 1846)

This and the following graphic were published in a brochure in which Minard elaborated on how much the new railroad services affected existing traffic and whether they boasted new connections. In particular, Minard looked at the first international railroad between Leuven (Belgium) and Cologne (then Prussia). The border between the two countries is shown in the middle of the diagram. Again, the horizontal baseline represents the route, with distances and intermediary stations noted along the bottom and top respectively. The height of the bars refers to the number of passengers for each section. Three categories are distinguished: national passengers (light hachures), international passengers who have traversed the border (medium hachures), and those who traveled the full distance (darkest hachures).
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8

Circulation of Goods Between Belgium and Prussia in 1844

“Tableau figuratif de la circulation des marchandises sur le chemin de fer entre la Belgique et la Prusse, en 1844”

May 1846. Lithographic print. 52.5 × 21.2 cm. Published in: Des voyageurs internationaux sur le chemin de fer entre la Belgique et la Prusse (Paris, 1846)

This piece accompanies [7] and evaluates the freight traffic along the Belgium-Rhineland route. Again, the base line represents the length of the railroads, with distances in kilometers noted along the bottom. The height of bars represents the amount of merchandise transported. Goods are measured in tonnes (one millimeter of height on the original graphic refers to 1,000 tonnes). Minard did not provide a scale for the height but confined himself to a text label explanation at the bottom. Unlike in [5], no categories of goods are distinguished. The light hachure shows internal freight traffic, the medium hachure denotes the goods traveling across the border, and the darkest hachure shows the proportion of merchandise traveling the full distance. This is the last of Minard’s early tableaux graphiques. He subsequently focused on other formats in his visualization studies, most prominently the flow map method.
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9

Circulation of Goods in Belgium in 1834 and 1844

“Mouvement des marchandises en Belgique, sur les chemins de fer en 1844 et sur les voies navigables en 1834 et en 1844”

March 1847. Lithographic print, hand-colored. 87.5 × 61.7 cm.

In this visualization, Minard substantially advanced his flow map concept by introducing color and comparing traffic flows over a period of ten years. The map represents freight traffic in Belgium on the railroads in 1844 (blue), as well as along canals in 1834 and in 1844. Gray flows represent a constant volume of waterway traffic over that time. Red flows show where traffic had grown, while yellow flows indicate where it diminished. Minard varied the shapes of flows: the railroads form straight flow segments; waterways are curvy. For the first time, Minard added exact numbers next to the flows.


SERIES

Transport of Mineral Fuels in France, 1845–1860

After a break of four years, Minard reinitiated his visualization studies with a map about the transportation of mineral fuels within France. Over the following decade, he re-adopted the topic several times, expanding it into a series of six works in total. Color classifies minerals according to their origin. Blue, green, and brown flows are fuel resources imported from Belgium, England, and Germany, respectively. Pink, yellow, and gray flows represent domestic coal from the Loire coal mining basin, the Valenciennes area, and some miscellaneous French mines, respectively. The first map in this series is also the first in which Minard used proportional circles. The surface area of the circles indicates the relative coal production of select French mines; the black dots show the local energy consumption in the respective departments (administrative districts). The combined use of circles and dots delivers an instant local energy summation.

In the second map, Minard employed the same scale and color scheme as the first; however, he dispensed with the proportional circles. Waterways are labeled with their names, while “C.” indicates a canal and “Ch.” marks short railway lines. A few roads are shown as well, and those flows are marked by dots. Comparison with the earlier map shows that the coal imports from Belgium and Germany (blue and brown) increased substantially. It is interesting to note that Minard opted for a lithographic color print in this second work (and for the first time in his oeuvre), which produced a slightly shifted and more intense color scheme. However, Minard returned to hand-colored prints for all following updates of the series.

In the third map, Minard used the same colors and scales, except he changed the shade for “miscellaneous French mines” from gray to black. In this map, the layout of the flows is somewhat more refined than in previous ones. However, with the overall traffic volume having increased, Minard struggled to find a good arrangement for the wide flows in northeastern France, comprised of Belgian imports (in blue) and domestic coal production from the region of Valenciennes (in yellow).

This area continued to be a problem in the fourth map leading to some questionable layering and braiding solutions, like in those directly to the north of Paris. Also, some of the pink flows in the Lyon area illustrate another challenge of the flow method: short voluminous flows block a substantial portion of map space and have no precisely located beginning or ending.

The fifth and sixth map contain a data table on the lower right providing the raw figures that Minard had calculated in order to prepare the maps from the series. The tables provide the total amounts of coal transported through France in tonnes per kilometer and year, split by mode of transport.

When updating his visualizations—in this series and in others—Minard made it a priority to keep the scaling and colors of flows consistent where possible. This decision to use a set of fixed elements had consequential effects—it allowed him to create a consistent set of maps, which could be easily compared over the years.
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Transport of Mineral Fuels in France in 1845

1 of 6

“Carte figurative des principaux mouvements des combustibles minéraux en France en 1845”

June 1851. Lithographic print, hand-colored. 91.5 × 94.3 cm.
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Transport of Mineral Fuels in France in 1856

2 of 6

“Carte figurative et approximative du mouvement des combustibles minéraux sur les voies d’eau et de fer de l’Empire français pendant l’année 1856”

March 16, 1858. Lithographic color print. 76.2 × 90.2 cm.
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MINARD TRANSLATED

Figurative and approximative map of the movement of mineral fuels on the waterways and railroads of the French empire in 1857

The tonnage of coal and coke in circulation is represented by the width of the colored zones at a rate of one millimeter for every ten thousand tonnes. These values are also recorded, in units of a thousand tonnes, across the zones and correlate to either the total length of the transport route or of each of the sections that compose it.

Coke utilized by a railroad is included in the transport of the other railroads on which it passed, but is not included in the routes that consumed it.

As the purpose of this map is to make the relative tonnages visible to the eye by using the width of the zones, I have sacrificed geographical accuracy for the placement of the zones.

The information used to prepare this map was drawn from the Tax and Customs Administration, from the reports to the General Assembly of Railroad Shareholders, and from communications with the directors and engineers of the various transport routes, to whom I am grateful.

The countries from which the mineral fuels were sent are indicated as follows: [see chart in Note Explicative, above]

Observations:

In June 1851, I published a map of the movement of mineral fuels in France in 1845. I presented it to their Excellencies the Ministers of Finance and Public Works. Like this one here, it was created following a graphic method I devised in 1844 and 1845 to show trade on waterways and railroads.

In 1853, the Department of Mines published a map similar to mine and on the same subject, but it depicted the circulation of fuel only by colored lines, with quantities only in numbers. As the widths of zones speak more clearly to the eye than figures, and this mode having seemed preferable to many, I have continued to use it here.
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Transport of Mineral Fuels in France in 1857

3 of 6

“Carte figurative et approximative du mouvement des combustibles minéraux sur les voies d’eau et de fer de l’Empire français pendant l’année 1857”

December 27, 1858. Lithographic print, hand-colored. 75.3 × 89.5 cm.
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Transport of Mineral Fuels in France in 1858

4 of 6

“Carte figurative et approximative du mouvement des combustibles minéraux sur les voies d’eau et de fer de l’Empire français pendant l’année 1858”

May 2, 1860. Lithographic print, hand-colored. 77.0 × 89.2 cm.
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Transport of Mineral Fuels in France in 1859

5 of 6

“Carte figurative et approximative du mouvement des combustibles minéraux sur les voies d’eau et de fer de l’Empire français pendant l’année 1859”

February 3, 1861. Lithographic print, hand-colored. 76.9 × 95.2 cm.
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Transport of Mineral Fuels in France in 1860

6 of 6

“Carte figurative et approximative du mouvement des combustibles minéraux sur les voies d’eau et de fer de l’Empire français pendant l’année 1860”

April 23, 1862. Lithographic print, hand-colored. 77.0 × 96.8 cm.
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Maritime Ports in France in 1850

“Carte de l’importance des ports maritimes de France mesurée par les tonnages des navires entrés et sortis en 1850”

April 16, 1852. Lithographic print. 63.2 × 73.0 cm.

In this seemingly unfinished work, Minard elaborates on the method of using proportional circles, first employed in [10]. The map seems to defy cartographic representation on a very basic level, as the geography of France is described only by its coastline and a few names of estuaries and seas. Minard calculated the relative importance of French harbors according to their annual turnover of cargo, and represented them by proportional circles. A scale gives an indication of the volumes represented. Minard produced an enhanced version of this map [24] in 1859, and further employed proportional circles in maps [25] and [42].
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Circulation of Goods on French Waterways in 1850

“Carte figurative et approximative des tonnages de marchandises, (flottage compris) qui ont circulé sur les voies navigables de france pendant l’année 1850”

June 20, 1852. Lithographic print, hand-colored. 84.6 × 116.2 cm.

In this second flow map of France, Minard sought to estimate the total volume of freight traffic along French waterways in 1850. Across the flows, Minard added detailed numbers to enable a more precise reading. He subtly varied the shape of flows: natural waterways bend softly, while canals display sharp edges. While clearly providing an overall impression of traffic volumes, this piece also reveals the challenges of placing proportionate flows on a map. At times, the flows become so wide that they take up considerable map space. For instance, the city of Paris is “drowning” in a sea of traffic along the Seine.


SERIES

Circulation of Goods on French Railroads and Waterways, 1850–1862

This series of ten maps compares the fluctuating freight traffic on waterways and railroads in France from 1850 to 1862. Green flows show transportation volumes on waterways, while rose-colored flows show traffic via the railroads. The shape of the waterway indicates its type: rivers display natural curves, while canals form angled segments. For the first time here, Minard marked Paris with an enormous hatched circle, which works as an anchor in an otherwise rather bare cartographic space. In the first two maps, one millimeter of flow width on the map represents twenty thousand tonnes of goods. Comparison of the first two maps reveals that traffic on the railroad lines had, expectedly, increased substantially between 1850 and 1853. At the same time, the transportation on waterways had—less expectedly—not decreased but risen. Interestingly, the flow of traffic on the river La Marne (just east of Paris), which had wandered curiously around the railway line in the earlier map, is straightened out in the second update.

In the third map, Minard altered the scaling of the flows, with three millimeters of width now representing one hundred thousand tonnes. He explained in the side note that this adaptation was necessary in order to incorporate a significant rise in traffic around the capital, and that he regretted that the first two maps are therefore not directly comparable to later versions. Minard maintained this amended scale for the rest of the series, and with the exception of this change, he kept the layout and colors consistent. In doing so, he enabled his readers to evaluate the gradual changes in freight traffic brought about by the introduction of the railroads.

Through the full series, Minard continually provided raw numbers in the top left box. This data reveals that by 1857 the total volume of railroad freight traffic began to outweigh the freight traffic on waterways. This overall increase in traffic volume entailed challenges for Minard in visually integrating the flows, which in many instances overlap or cross each other. One feature that remains unexplained from Minard’s notes is why the flows sometimes cross each other with straight lines and other times with hatched lines. The stenciled short titles at the top of these maps were added in 1870 when Minard assembled and bound his oeuvre in a large portfolio, which he gave to the École nationale des ponts et chaussées.

The regular installments of these maps, published over the course of more than a decade, give a telling picture of how the growing railroad network gradually pervaded France. While the first map displays only a few unconnected lines with just a moderate capacity for carrying freight, the final maps show a developed network that accommodated a substantial share of freight traffic. The changes are particularly evident along the Mediterranean route, from Marseille up to Lyon and Paris. While there had been significant waterway traffic in the early 1850s, by 1861—a mere ten years later—this route was dominated by the new railroad connection. As this series grew, it enabled a systematic investigation of a given dataset changing over time. With his regular updates to this map and its consistent set of elements, Minard not only allowed for a comparison of the respective traffic data but also created a significant cartographic style.
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Circulation of Goods on French Railroads and Waterways in 1850

1 of 10

“Carte figurative et approximative des tonnages des marchandises qui ont circulé sur les chemins de fer et les voies navigables (en flottables) de France en 1850”

September 20, 1852. Lithographic print, hand-colored. 68.0 × 89.8 cm.
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Circulation of Goods on French Railroads and Waterways in 1853

2 of 10

“Carte figurative et approximative des tonnages des marchandises qui ont circulé sur les chemins de fer et les voies d’eau de France en 1853”

February 28, 1855. Lithographic print, hand-colored. 70.0 × 87.0 cm.
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Circulation of Goods on French Railroads and Waterways in 1855

3 of 10

“Carte figurative et approximative des tonnages des marchandises qui ont circulé en 1855 sur les voies d’eau et de fer de l’Empire français”

February 28, 1857. Lithographic print, hand-colored. 73.9 × 91.5 cm.
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Circulation of Goods on French Railroads and Waterways in 1856

4 of 10

“Carte figurative et approximative des tonnages des marchandises qui ont circulé en 1856 sur les voies d’eau et de fer de l’Empire français”

November 5, 1857. Lithographic print, hand-colored. 64.8 × 83.7 cm.


[image: image]



22

Circulation of Goods on French Railroads and Waterways in 1857

5 of 10

“Carte figurative et approximative des tonnages des marchandises qui ont circulé en 1857 sur les voies d’eau et de fer de l’Empire français”

December 22, 1858. Lithographic print, hand-colored. 70.7 × 94.2 cm.
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Circulation of Goods on French Railroads and Waterways in 1858

6 of 10

“Carte figurative et approximative des tonnages des marchandises qui ont circulé en 1858 sur les voies d’eau et de fer de l’Empire français”

December 19, 1859. Lithographic print, hand-colored. 73.6 × 93.6 cm.
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Circulation of Goods on French Railroads and Waterways in 1859

7 of 10

“Carte figurative et approximative des tonnages des marchandises qui ont circulé en 1859 sur les voies d’eau et de fer de l’Empire français”

March 28, 1861. Lithographic print, hand-colored. 71.6 × 92.4 cm.
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Circulation of Goods on French Railroads and Waterways in 1860

8 of 10

“Carte figurative et approximative des tonnages des marchandises qui ont circulé en 1860 sur les voies d’eau et de fer de l’Empire français”

December 13, 1861. Lithographic print, hand-colored. 74.9 × 97.2 cm.


[image: image]



39

Circulation of Goods on French Railroads and Waterways in 1861

9 of 10

“Carte figurative et approximative des tonnages des marchandises qui ont circulé en 1861 sur les voies d’eau et de fer de l’Empire français”

December 12, 1862. Lithographic print, hand-colored. 74.0 × 96.2 cm.
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Circulation of Goods on French Railroads and Waterways in 1862

10 of 10

“Carte figurative et approximative des tonnages des marchandises qui ont circulé en 1862 sur les voies d’eau et de fer de l’Empire français”

December 16, 1863. Lithographic print, hand-colored. 66.6 × 90.2 cm.
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English Coal Exported in 1850

“Carte figurative de l’exportation de la houille anglaise en 1850”

March 1854. Lithographic print, hand-colored. 87.0 × 63.5 cm.

In this map, Minard applies the flow method to global data for the first time. It shows the quantities and destinations of English coal exports. One massive flow emerges from England and diverges to various parts of the world, with exact numbers added for each flow. The base map is extremely generalized. The continents display crude silhouettes, land-masses and oceans are not distinguished visually, and some major islands are omitted altogether. Instead of delivering a descriptive world map, Minard created an impression of the relative importance of English coal exports. The topic is later amplified in maps [41] and [53].
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Circulation of Goods on French Waterways in 1850 and 1853

“Carte figurative et approximative des tonnages de marchandises (flottage compris) qui ont circulé en 1850 et 1853 sur les voies navigables de France”

December 1, 1854. Lithographic print, hand-colored. 75.5 × 90.7 cm.

In this map, Minard compared data from two years through differentiated flows (a method first employed in [9]). It shows freight traffic volumes along French waterways for 1850 and 1853, respectively. Light green designates the constant volume of traffic for both years. It is accompanied by either a dark green flow (where traffic had increased) or a rose flow (where traffic had decreased in 1853). In some regions, such as in the northeast, heavy transportation produced wide flows that were difficult to integrate. At times, Minard had to sort, bend, and “braid” the flows to make them all fit, a challenge he would continue to contend with in later flow maps.
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Circulation of Cereals on French Waterways and Railroads in 1853

“Carte figurative et approximative des quantités de céréales qui ont circulé en 1853 sur les voies d’eau et de fer de l’Empire français”

July 14, 1855. Lithographic print, hand-colored. 68.0 × 83.2 cm.

This map is a variation on two earlier works about freight traffic, [13] and [16], this time focusing on the transport of grain alone. Minard followed the same general layout and color scheme, but included directions for specific shares of traffic. Larger flows are divided longitudinally, and arrows denote the direction of movement. Four millimeters of width represent ten thousand tonnes of grain. Apparently, the volume of traffic was distributed fairly evenly across France. This enabled Minard to calculate wide flows, which he was able to divide and place without much difficulty. However skillful this solution may seem, Minard returned only once to the method of dividing flows for indicating directions [28].
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Quantities of Meat Sent to Paris

“Carte figurative et approximative des quantités de viandes de boucherie envoyées sur pied par les départements et consommées à Paris”

August 1, 1858. Lithographic print, hand-colored. 64.9 × 53.6 cm.

This work further elaborated on the use of proportional circles (as begun in [10] and [11]) and introduced sectioned circles as a novelty in Minard’s work. The map covers domestic trade in meat by department. For the first time, Minard opted for shading the base map: the departments of France are classified according to whether they had imported meat to the capital or not. Except for a few minor suppliers, proportional circles are included for each supplying department to indicate the relative amount of meat it provided to the capital, with a scale on the right hand side explaining the calcuation. The circle sections distinguish between the different kinds of meat. While Minard does not comment here on his use of proportional circles, he does so explicitly in [24].

MINARD TRANSLATED

Figurative and approximate map of the quantities of red meat sent by the departments and consumed in Paris

Explanatory note: The area of a circle represents the total weight of meat (all species included) supplied by that department; the area of the colored sections indicates the variety.

A circle of six millimeters in diameter represents 333,000 kilograms of meat and the other circles the weight of meat proportional to the diameter squared. These weights are also recorded on the scale opposite.

Areas in black represent beef, red indicates veal, and green is lamb.

The departments colored yellow provided cattle to the capital; those with no circles sent insignificant amounts; tan-colored departments did not supply any meat.

Consumption represented here is the average over the eight years from 1845 to 1853, inclusively. It was drawn from the excellent statistic of consumption in Paris by Mr. Husson, page 132.
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Maritime Ports in France in 1857

“Carte figurative et approximative de l’importance des ports maritimes de l’Empire français mesurée par les tonnages effectifs des navires entrés et sortis en 1857”

January 15, 1859. Lithographic print, hand-colored. 59.6 × 74.1 cm.

Continuing Minard’s exploration of proportional circles begun in the preliminary map [11], this work examines the relative importance of French sea ports according to the total cargo handled. Again, the ports are numbered and listed in side boxes. The description mentions that the French customs administration—from whom Minard had drawn the data—had recently begun to distinguish between foreign and domestic traffic for each port. Minard visualized these shares by using the circles as pie charts—a method he had first employed some five months earlier in [21]. Blue sections represent international traffic, while black sections refer to domestic shipping. He elaborated on the method in the side note, claiming it was sufficiently easy to judge relative quantities from a sectioned circle.

MINARD TRANSLATED

Figurative and approximate map of the importance of maritime ports of the French Empire measured by the actual tonnage of vessels entering and exiting in 1857

Observation: The actual tonnages written next to the ports referred to here are represented by the area of the circles at a rate of two millimeters diameter per 2,000 tonnes, three millimeters for 4,500 tonnes, etc, etc., following the law of the squared diameters.3 The blue sections represent foreign trade; black sections, coastal trade.

This map is similar to one I published in 1852 [11], but the previous one was less accurate in that it represented only the tonnage. The Customs Administration having provided, for the first time, in The State of Cabotage in 1857, the actual tonnage of vessels coming from abroad, I profited from this circumstance by drawing this map. However, this new information applied only to eleven major ports; for the others, the Customs Administration, although it gives the tonnage for each port, presents the actual tonnage in one block, and finds it four-fifths of the former. I surmised we could assume the same proportion for each port. Thus I added the weight of cargo, which was provided by customs records, to the tonnage of the ships, decreasing at each port by one-fifth, and considered the result the actual tonnage of each port.

While the eye can judge the proportion of the surface area of two circles only with difficulty, this is not the case with sectors of a circle. Whether one sector is, for instance, approximately a quarter or a tenth of the full circle, can easily be seen. Following this observation, I thought the investigation of the sectors would present the share of the two types of trade for each port better than numbers ever could.

The aim of my figurative maps is less to exhibit statistical results, which could be better established by numbers, than to make relationships quickly apparent to the eye, relationships that are instantly grasped where numbers would require the mediation of a mental calculation. The figurative maps are thoroughly in the spirit of the century in which one seeks to save time in all ways possible.
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Cargo Tonnage of the Major Ports and Rivers of Europe

“Carte figurative et approximative des tonnages des grands ports et des principales rivières d’Europe”

October 27, 1859. Lithographic print, hand-colored. 92.8 × 73.8 cm.

This map investigates traffic capacities of major European ports (shown as proportional circles) and rivers (represented as flows). Raw numbers are included for both, and Minard added numbers beneath each circle to indicate which year of the 1850s the data refers to. Showing both ports and rivers as proportional elements on a map of Europe apparently posed a considerable challenge. This is particularly glaring in Great Britain, where the rivers did not have enough map space beside the enormous port circles and were thus omitted altogether. In other areas, it is difficult to understand that the proportional flows represent rivers. At times, they become so wide that they tend to overshadow other geographic entities; the estuary of the river Rhine, for instance, dwarfs neighboring Belgium.

MINARD TRANSLATED

Figurative and approximate map of the tonnage of the major ports and principal rivers of Europe

Explanatory note: The tonnage of a port is the capacity of the ships entering and exiting in one year. It is represented by a circle with an area proportional to the tonnage, with the amount, in units of a thousand tonnes, noted in the center. The last two digits of the year are written below each circle. Ports with a tonnage of less than 200,000 tonnes were omitted.

Tonnage circulating via the rivers in 1855, 1856, or 1857 is represented by the green zones, with widths proportional to their tonnage at the rate of two millimeters per hundred thousand tonnes. These figures are also recorded transversally in units of a thousand tonnes. Canals were omitted. There was also insufficient space to record the tonnage of English rivers next to the circles representing English ports.

To represent the tonnage across Europe at an appreciable scale would require a map of great size. However, this large format would have been inconvenient and moreover contrary to the purpose of the map—to grasp it at a glance in order to quickly ascertain relative tonnage. I therefore preferred to substantially alter the geographic forms.
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Goods in Transit in France in 1845 and 1857

“Cartes figuratives et approximatives des tonnages des marchandises qui ont circulé en France en transit en 1845 et 1857”

December 15, 1859. Lithographic print, hand-colored. 95.9 × 76.8 cm.

This double map compares the amount of freight traffic traversing France on streets in 1845 and on streets and railroads in 1857. In mapping data obtained from the customs administration, Minard apparently merged many distinct movements into continuous flows and assumed a geographic route for the freight. At the exit and entry points, arrows indicate the direction of traffic (incoming or outgoing). This system is not carried out throughout France, however, maybe due to the lack of detailed data. This is the first time Minard juxtaposed two consecutive maps for a chronological comparison. It is interesting that Minard would have chosen the color blue for the flows, as they do not refer to waterways.

MINARD TRANSLATED

Figurative and approximate maps of the tonnage of goods circulating in France in 1845 and 1857

The information used to prepare these maps was drawn from the annual reports of the Customs Administration. Minor customs offices were not included on the maps.

In 1845, transit by road was measured and in 1857 by road and the major railroad lines.

Based on the routes traveled by the 43,294 tonnes of freight in 1845, I calculated a tonne-kilometer of approximately 18,157,000.

General Observation: Tonnages are represented by the width of the colored zones at a rate of one millimeter per thousand tonnes. They are also written across the zones in units of a thousand tonnes. The arrows indicate the direction in which goods traveled.

Transit in 1858 was 129,579 tonnes; the Customs Administration attributed a transport of 60,257,000 tonnes of cargo per kilometer. In my 1858 map of tonnages I estimated the combined tonne-kilometer over waterways and railroad routes at 4,076,000,000. The tonne-kilometer for roads (imperial roads only) can be estimated, based on observations made in 1856–57, at 1,900,000,000. The total for all three means of transport is 5,975,000,000, of which transit makes up only a hundredth.
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Circulation of Wine and Spirits in France in 1857

“Carte figurative et approximative des tonnages des vins, spiritueux etc. qui ont circulé en 1857 sur les voies d’eau et de fer de l’Empire français”

April 18, 1860. Lithographic print, hand-colored. 62.4 × 75.4 cm.

This is a variation on Minard’s ongoing series about freight traffic in France (see [13] and following), and it resembles in some instances the map on cereals created five years prior [17]. Minard focused on domestic transport and the export of wine and spirits. The colors follow the scheme of the earlier maps (railroads are rose, and waterways are green). Again, raw numbers are noted across the flows to add detail. As in [17], larger flows are parted by a hatched line, with arrows indicating the direction of movement. Yellow flows indicate an additional type of movement: wine and spirits exports flowing outward from various points along the border of France. Text labels on the map provide further details about these exports.

MINARD TRANSLATED

Figurative and approximate map of the tonnage of wine and spirits circulating in 1857 on the waterways and railroads of the French Empire

Tonnages are represented by the widths of the colored zones at a rate of thirty-three millimeters for every one hundred thousand tonnes. They are also written across the zones in units of one thousand tonnes. The arrows indicate the direction in which the wine and spirits traveled.

The information used to prepare this map was drawn from the publications of the Customs and Tax Administration and from unofficial communications with the directors and engineers of the various transport routes.

The exports represented here include shipments to foreign countries, but not to Algeria nor the colonies.
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SERIES

European Cotton Imports, 1858–1865

This series looks at European cotton imports between 1858 and 1865 and refers to the political tensions accompanying the American Civil War. The first map showing the cotton trade in 1858 immediately clarifies why these pressures would spark worries in Europe: the Confederate states supplied the overwhelming share of raw cotton consumed there, and textile businesses all across the continent depended on that supply. One millimeter of flow width represents four thousand tonnes of raw cotton. Color indicates its origin: from the United States (blue), the British colonies in India (yellow), the Middle East (brown), or re-exports from England to other European countries (rose). The base map is rather plain; the east coast of North America is a crude silhouette, and the seven first secessionist states are delineated.

In the second graphic, two consecutive maps compare two moments in time—a method Minard had employed only once before [26]. The map on the right, with data from 1861, portrays a moment when the effects of the American Civil War had not yet kicked in, and Great Britain was already seeking to increase imports from its Indian colonies. In order to fit two maps on one spread, Minard displayed only a part of the world on each and adapted the scaling of the flow width (one millimeter represents five thousand tonnes). Minard included an additional diagram (top left), exhibiting some key figures on global cotton trade over the previous thirty years.

Completed in May 1863, while the American Civil War was raging in full force, the third map draws a dramatic picture, with the exports from the Confederate states having in fact collapsed by 1862. Meanwhile, Great Britain imported substantial amounts from its Indian colonies and the Middle East. Even Cuba and Haiti, which had not even appeared on the earlier maps, now supplied small amounts of cotton to Europe. In the side notes, Minard expressed the expectation that the United States would never regain its dominance in the global cotton market.

The fourth map shows that, as predicted, the Confederate states were not able to sustain their trade volume. The consistent colors and scaling allow for direct comparison with the map’s two predecessors, [37] and [40]. In the center box, Minard used the color legend to craft a comprehensive data story. Beneath the color rectangle for each country of origin, Minard included their respective trade volumes from 1858 through 1863. For some outliers among these, he provided additional commentary. For instance, US exports had plummeted from 548,000 tonnes in 1861 to a mere 26,000 tonnes the following year.

In the fifth installment, the previous trend is further enforced: when US exports collapsed, European countries diversified their supply sources. As a new feature, Minard included a map of India, showing where cotton was cultivated as well as the railway lines carrying it to the harbors. The precautions Great Britain took against a shortage of cotton included building a railroad network of more than five thousand kilometers in India between 1860 and 1864.

Minard completed one final map after the war was over in which he showed how profoundly the war had transformed the global trade of cotton, allowing several new producers to enter the market. The crude application of cartography is particularly conspicuous in this work, such as in the Baltic Sea, where Minard dispensed with Scandinavia to make room for the map’s titles. In aiming to compose an integrated view of international trade, the base map only serves as a general spatial reference. Coastlines, islands, or even parts of continents were adapted or omitted to generate an undisturbed view of the cotton flows.
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European Cotton Imports in 1858

1 of 6

“Carte figurative et approximative des quantités de coton en laine importées en Europe en 1858 et de leur circulation depuis leur origine jusqu’à leur arrivée”

April 20, 1861. Lithographic print, hand-colored. 87.6 × 61.4 cm.
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European Cotton Imports in 1858 and 1861

2 of 6

“Carte figurative et approximative des quantités de coton en laine importées en Europe en 1858 et en 1861”

July 26, 1862. Lithographic print, hand-colored. 94.5 × 73.6 cm.

MINARD TRANSLATED

Figurative and approximate map of quantities of cotton imported into Europe in 1858 and 1861

Graphic tables representing cotton crops in the United States of America over the last thirty years, total cotton imported to England, cotton imported to England from India only, and total cotton imported to France from 1851 to 1861. The abscissae represent the years and the ordinates the corresponding tonnage.

Observations. It was said in England in 1861 that the cotton mills were threatened with near ruin because of a lack of raw materials. Fortunately, the disaster was partially averted by assistance we had not counted on and that we were far from believing would be as effective. This relief, which my chart underscores, was the considerable increase of cotton imported from India. In 1861, England received 173,000 tonnes, double the average of the preceding seven years (see the table) and approximately two-fifths of what it uses annually.

My map and tables also show that in 1861 France imported 123,000 tonnes of cotton, of which 110,000 tonnes came from the United States, another half on top of the amount received ordinarily.

In other European countries there was a decrease, although ultimately Europe, against all forecasts, received more cotton in 1861 than in the preceding years except 1860, when importation was around 900,000 tonnes due to the exceptional abundance of the cotton crop in the United States in 1859, and as the crops in that country determined imports to England and France, which constitute four-fifths of all imports to Europe.

Moreover, the chart shows that England, which feared a cotton shortage in 1861, re-exported in that year 133,000 tonnes, or twice as much as in 1858, and sold abroad almost a third of what was needed in its mills.

Other, less significant observations result from a comparison of the two maps.

To draft these maps and graphic tables, I consulted customs documents for France, England, Belgium, Russia, and Egypt; The Dictionary of Commerce; The Cotton Trade, by M. J. A. Mann, London, 1860; The 1862 Liverpool Cotton Circular, the New York Merchant’s Magazine; etc.

Explanatory note: tonnages of transported cotton are represented by the width of the colored zones at a rate of one millimeter for every five thousand tonnes, and also by the numbers recorded across the zones in units of a thousand tonnes.

Fifteen months ago, in anticipation of the disruption the splitting of the United States of America would bring to the cotton trade, I published a chart of the importation of cotton to Europe in 1858. It was a basis of comparison for the future. Since shipments of cotton ceased in August 1861, I judged it (now 1862) the right moment to draft a chart of the importation in 1861. I have placed the two charts side-by-side to compare them.
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European Cotton Imports in 1858 and 1862

3 of 6

“Carte figurative et approximative des quantités de coton en laine importées en Europe en 1858 et en 1862”

May 28, 1863. Lithographic print, hand-colored. 95.2 × 74.0 cm.
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European Cotton Imports in 1858 and 1863
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“Carte figurative et approximative des quantités de coton en laine importées en Europe en 1858 et en 1863”

May 4, 1864. Lithographic print, hand-colored. 94.9 × 60.1 cm.
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European Cotton Imports in 1858 and 1864
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“Carte figurative et approximative des quantités de coton brut importées en Europe en 1858 et en 1864”

April 24, 1865. Lithographic print, hand-colored. 94.9 × 67.8 cm.
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European Cotton Imports in 1858, 1864, and 1865
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“Carte figurative et approximative des quantités de coton brut importées en Europe en 1858 en 1864 et en 1865”

May 14, 1866. Lithographic print, hand-colored. 111.2 × 71.8 cm.
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Foreign Coal and Coke Markets in France in 1858

“Carte approximative de l’étendue des marchés des houilles et cokes étrangers dans l’Empire français en 1858”

June 17, 1861. Lithographic print, hand-colored. 47.6 × 75.0 cm.

In the context of accelerating industrialization, the reliable supply of coal became crucial for all European countries. To supplement its faltering domestic production, France imported coal from several countries. This map investigates where this coal was consumed: mostly near the harbors or along the waterways and railroad lines through which it entered France. A small fraction was reloaded onto road carriages and further distributed. This is the only map in which Minard shaded regions according to qualitative data. Regions consuming English coal are green, Belgian are blue, and German are brown. Areas that consume English and Belgian or Belgian and German coal are shaded with a mixed tone, while unshaded areas do not utilize any foreign coal.

MINARD TRANSLATED

Approximate map of the extent of foreign coal and coke in the French Empire in 1858.

Areas without color receive almost no foreign fuel. Note: Foreign coal arrives in France via our ports, our waterways, and our railroads. A very small amount, around 1/50, enters by road.

The greatest quantity is consumed in the ports and in the very places where the waterways and railroads pass. The other portion is reloaded onto carriages and taken to nearby destinations. In order to account for this extension of the market, I have assumed that the coal thus transported is not taken any farther than 25 kilometers in each direction from the place of its first arrival.

The market is therefore ascertained and represented on this map on the basis of information about the movement of coal in our ports, on our waterways, on our railroads, and following the hypothesis that cargo is transported 25 kilometers in every direction.

I have not included very small dispatches reaching remote frontiers by rail, as this map shows only the locations that received at least 400 to 500 tonnes of coal in 1858.
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Great Ports of the Globe, 1861

“Carte figurative et approximative des grands ports du globe”

August 25, 1861. Lithographic color print. 93.5 × 62.5 cm.

In 1861, Minard again compared the relative importance of harbors (in the method employed in [11], [24], and [25]), this time on a global level. Harbors are represented as proportional circles, scaled according to the total annual cargo they handled. This number is also inscribed in each circle, while the single digit number below each circle indicates the year the cargo data refers to (e.g., 8 = 1858). A text label above each circle indicates the city. As usual, Minard used the side note to elaborate on the origin of his data set, explaining the laborious process of obtaining and cleaning the data.
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Migrants of the Globe in 1858

“Carte figurative et approximative représentant pour l’année 1858 les émigrants du globe”

September 26, 1862. Lithographic print, hand-colored. 86.4 × 62.0 cm.

This is the first time Minard mapped a social issue, albeit one related to traffic data. The work depicts global migrant flows, colored according to the country of departure (migrants from England are in green, Germany in rose, etc.). Unfortunately, the side note does not explain what motivated Minard to create this work, or the causes or circumstances of the various migration movements. He obviously strived to create a convincing image of global migration patterns. To this end he liberally adapted the base map. For instance, he substantially enlarged the islands of La Réunion and Mauritius in the Indian Ocean, while omitting the much bigger neighboring island of Madagascar altogether. Apparently, there was no data for Madagascar, so he decided to dispense with it. He thus deliberately transformed the world map into a narrative reference frame for his story.

MINARD TRANSLATED

Figurative and approximate map representing emigrants around the world in 1858

The countries from which they left and to which they arrived, based on information published in European Immigration by Mr. A. Legoyt and in New York Merchant’s Magazine.

Colors indicating the countries from which the emigrants left...

The number of emigrants is represented by the widths of the colored zones at a rate of one millimeter for every fifteen hundred emigrants, and also by the numbers written across the zones in units of one thousand emigrants.
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English Coal Exported in 1860

“Carte figurative et approximative de la houille anglaise exportée en 1860”

August 29, 1863. Lithographic print, hand-colored. 105.4 × 68.7 cm.

This work covers global coal exports from England, and updates a map from almost a decade before [14]. Minard would reinitiate the topic again three years later [53]. Notably, the total export rises from 3.5 million tonnes [14] to 7.1 million tonnes (here) to 8.1 million tonnes [53]. Given that Minard kept the original scaling of the flows (one millimeter represents five thousand tonnes), this massive rise poses a major challenge for fitting the flows into the world map. Therefore, Minard made substantial cartographic sacrifices in the outlines of northern Europe and the Mediterranean, where he widened the Strait of Gibraltar and redrew the northern African coastline.
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Great Ports of the Globe, 1863

“Carte figurative et approximative des grands ports du globe”

September 14, 1863. Lithographic print, hand-colored. 82.6 × 60.6 cm.

This map is the second edition of Minard’s “Great Ports of the Globe,” first published two years prior [34]. It is complemented with twenty-six additional harbors, and the side note is expanded to feature an additional data table. This map and its earlier sibling are striking in their minimal aesthetics. The continents are shaded very lightly and sport a broad text label. However, there are barely any other visual features to further describe the territory. Particularly notable here is the empty space in the box in the top left corner. This is not seen in any other map by Minard, which suggests that he deliberately left room here for handwritten additions and notes.

MINARD TRANSLATED

Figurative and approximate map of the major ports of the globe

The tonnages of the ports are the tonnages of the ships entering and exiting in one year. They are represented by circles proportional in area to their tonnage, which is also indicated in the center of the circle in units of one hundred thousand tonnes. A single digit under and outside the circle designates the year of the shipment before 1860 (thus 8 means 1858).

Ports with a tonnage below one hundred thousand tonnes have been omitted.

Where there was no information on tonnages either entering or exiting, they were assumed to be equal.

The information used to prepare this map, which was difficult to collect and bring to a uniform state, was drawn from French and English customs statements, from annals of foreign trade, pseudo-official publications, from the Dictionary of Commerce and Shipping, from unofficial communications with French and foreign engineers, and from modern traveling.

Chinese ports were included with great reserve. One difficulty is that their maritime trade involves a multitude of junks, which carry from 5 or 6 tonnes to 600 or 700 tonnes. Moreover, this movement is linked to the daily consumption of an enormous population, leading to a relatively greater trade than elsewhere. Thus, the dominant factor in the tonnage of Chinese ports is the one presenting the most uncertainty.

The tonnage of Yang-tse-Kiang ports is assumed to be equal to Shanghai’s based on estimates made by Mr. Blakiston after his recent journey on the great Chinese river.

As the tonnage of the Constantinople port used in this map has seemed implausible to some, I must state that I have drawn it from the Annals of Foreign Trade (December 1857), from which I extracted the following: “due to a lack of official information, the numbers in the table below were collected from various chancelleries. These results are only approximate, rather below than above the truth.”
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Tonnage of Livestock Entering Paris by Rail in 1862

“Carte figurative et approximative des poids des bestiaux venus à Paris sur les chemins de fer en 1862”

April 20, 1864. Lithographic print, hand-colored. 60.5 × 48.3 cm.

This is the only flow map in Minard’s oeuvre that charts movements from various places toward one center. It depicts the livestock sent from the departments to Paris via the railroads. Each color indicates an animal species. The base map is reduced to a meager coastline in the west and a dashed country border in the east. Compared with earlier flow maps, this one appears rather well organized. Minard had by now gained experience with the method, which may have prompted him to ascertain what data sets best lent themselves to this type of visualization. He added an inset map for historical comparison. Green departments had already been supplying livestock to Paris in 1828. By 1862, twelve more departments (pink) were able to deliver livestock, thanks to the new railroad connections.

MINARD TRANSLATED

Figurative and approximative map of the weight of livestock sent to Paris via railroad in 1862

The weight of livestock is represented by the widths of the colored zones at a rate of one millimeter for every thousand tonnes, and also by the numbers written across the zones in units of one thousand tonnes or one million kilograms of livestock, all species combined. Species are also distinguished by the colors below:

Steers and cows [tan]

Calves [red]

Hogs [grey]

Sheep [blue]

Steers and cows were calculated at 300 kilograms per head, calves at 70 kilograms, hogs at 100 kilograms, and sheep at 20 kilograms.

Influence of the railroad on the supply of livestock to Paris

The principal influence of the railroads on the supply of livestock to Paris is on the scope of the market. To understand this influence, I chose two periods: first, 1862; second, 1828, prior to the railroads, when Biot recorded in the British Review the arrival in Paris of 93,000 steers and cows. Having found no information on the provenance of other livestock prior to the railroads, my research was limited to steers and cows, which made up more than half of red meat.

I thus compare the extent of the imported beef market in Paris in 1828 and 1862, which are distinguished by two hues in the smaller map below.

Twelve new departments added to the supply of livestock to the capital in 1862, sending approximately 37,000 steers and cows, included in the 243,000 the railroads brought to Paris that year.

As beef consumption by each of the 750,000 inhabitants of Paris in 1828, with 93,000 steers at 300 kilos each, was 37.1 kilos of beef, and by each of the 1,700,000 inhabitants in 1862, with 243,000 steers, was 42.8 kilos of beef, can the railroads be credited for this increase of one-seventh? It could be due to, first, an increase in the wealth of the population of Paris due in part to the railroads; second, to the consumption of the greater number of wealthy travelers brought to Paris by the railroads.
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Similar Strategies of Charlemagne and Napoléon

“Similitude des dispositions stratégiques de Charlemagne et de Napoléon Ier. L’un dans sa campagne en 791 contre les Huns, l’autre dans sa campagne en 1805 contre les Autrichiens et les Russes”

February 15, 1865. Lithographic print. 53.5 × 40.6 cm.

This uncolored work marks an interesting moment in Minard’s oeuvre, as it is the first in which he applied his experience in drawing maps and plans to a historical topic. It juxtaposes two moments of military conflict on the shore of the Danube River. The left-hand map covers a campaign led by Charlemagne, who marched against the Huns in 791 AD. The right-hand map shows Napoléon’s armies marching against Russian and Austrian forces in 1805 in the same region. Minard’s inspirations for this map came from an article in the Revue des deux Mondes, which pointed to the similar strategies of each leader. The work integrates methods of military mapping and technical plans.
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Location of a New Main Post Office in Paris

“Carte figurative relative au choix de l’emplacement d’un nouvel hôtel des postes de Paris”

July 19, 1865. Lithographic print, hand-colored. 96.5 × 69.6 cm.

In this unusual map, Minard sought to find the ideal location for a new main post office in Paris. Black proportional squares indicate the population of each quartier. Railroad stations are represented with a checked square, scaled according to the amount of overland mail handled per year. He further included ministerial departments (hatched rectangles), standard mailboxes (black dots), and principal post offices (double circles). Minard included several geographical points (such as the current main post office, “A,” and the center of all population, “B”) that he considered in order to calculate “D”—the position he claimed to be the ideal location for a new main post office. Unfortunately, we do not have an indication as to whether this research study was considered by the municipal administration.

MINARD TRANSLATED

Figurative map to determine the location of a new main post office in Paris

Paris’s main post office must be located at the center of its population, and here is one reason: Two years ago, a surtax was introduced for an express departure of letters from Paris—of half an hour from the 35 principal post offices, and of one hour from the main post office. In the first year, 126,576 letters made use of this service. This figure demonstrates the importance of placing the main post office within reach of all the city’s inhabitants.

However, two other factors must be considered. First, the postal activities of the ministries: the annual correspondence outside Paris being 535 million private letters, journals, etc, etc., and 97 million administrative letters, each weighing at least double the former, we can say that the two forms of correspondence are at a ratio of 3 to 1, which would suggest siting the main post office a little to the west of the center of the population, given that the ministries are near the west end of the Rue de Rivoli.

The second and much more important consideration arises from the fact that correspondence outside Paris is transported by railroad. Between the main post office and the stations where the mail coaches arrive and depart, 58,000 tonnes of mail come and go per year.

As last collection is made at 5 p.m. at the 358 mailboxes, at 6:15 p.m. at the 35 post offices, and at 7 p.m. at the main post office, the position of the last is unimportant for all letters written before 6:15; from 6:15 to 7 it is very important that the routes traveled to carry the letters be as short as possible. What’s more, plans of Paris do not detail its population—that has only been published for its 80 districts as a whole—and this is the only data by which the center of gravity of the population could be determined and the best solution identified. For this purpose, I have placed in each district a square with an area representing its population at a rate of one millimeter square for every hundred inhabitants. The positioning of the squares was determined by approximation, which introduces some uncertainty; however, this uncertainty vanishes in the most populous areas, which have the greatest influence on the question and are the most dense. I then determined, using the theory of moments, their center of gravity, and thus the center of gravity of the Paris population, which I located to the area southwest of the new Les Halles [market]. I did a similar study in the past (using census data from 1831), and traced it to Saint-Eustache back then—which means that it has moved only 150 meters in the thirty years since.

To take into account the postal activity between the main post office and the train stations, which encompasses 58,000 tonnes per year, I have represented the portions of this weight pertaining to each station in squares of proportional area located over the stations. Determining their center of gravity, I found it to be at the corner of Beaubourg and du Maure.

Moving the main post office closer to the center of gravity between the stations would shorten the traveling times for the mail carriages transporting the evening mail, so that the latest collection could be delayed in favor of the senders who rush to bring their letters. In this respect, the location of the main post office should be on the corner of Beaubourg and du Maure. However, the grand interest of the population demands it be sited on the southwest corner of the new Les Halles.

To reconcile these two interests, the main post office is placed equidistant to the two points, situated northeast of the new markets, that is to say 500 meters southwest of the existing main post office.

Legend

The double parallel lines delineate the limits of the 20 arrondissements and the dotted lines those of the 80 quartiers, which are distinguished by the number designated for each; the colors indicate the arrondissement.

The area of each black square represents the population of the quartier in which it is placed at a rate of one millimeter square for every hundred inhabitants.

This population is also written under the squares...

The cross-hatched squares over the railroad stations are proportional in area to the weight of dispatches that arrive at or depart from the station by mail coach.

The hatched quadrilaterals are the ministries.

The small black circles are the 358 mailboxes; the doubled circles are the post offices.


	Existing main post office

	Center of gravity of the population of Paris

	Center of gravity of the loads of mail-coaches arriving and departing

	Location for a new main post office
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European Railroad Travel in 1862

“Carte figurative et approximative du mouvement des voyageurs sur les principaux chemins de fer de l’Europe en 1862”

October 2, 1865. Lithographic print, hand-colored. 116.2 × 77.8 cm.

With this work Minard again took up the topic of railroad traffic, which had absorbed him since his earliest visualizations twenty years earlier. The map investigates passenger traffic on major European routes in 1862. The explanation discloses Minard’s data sources and reveals how he calculated some missing figures. His aim was to allow the flows to be “embraced at a single glance,” prompting him to make several major adaptions, such as dispensing with Scotland and Ireland and omitting some railroad lines whose traffic volume was excessive (such as the North London line). The map introduced a novel aesthetic in that flows are shown in black, while the countries are distinguished by a range of vivid colors.

MINARD TRANSLATED

Figurative and approximative map of the circulation of passengers on the major railroads of Europe in 1862

Explanation: The number of passengers traveling on a railroad in relation to the total length of the route is represented by the width of the black zone at a rate of two millimeters for every one hundred thousand passengers. This number is also written next to the zone in units of one thousand travelers.

It was impossible to determine the number of passengers to a kilometer for each railroad. More often I only had this number for an entire network of a country or company. In these cases, the passengers’ travel was scaled to the full length of the network and it is an average that appears on the map...

For other routes I could only obtain the receipts of travelers but not their itineraries/traveled routes, therefore I calculated it by dividing the receipts by the fares.

For other routes I have adopted data from the excellent statistic of Mr. Hauchecorne for the year 1862, which was translated from German to French.

Several railroads were omitted as their information was unavailable. Others had zones too large to be placed on the map, such as the routes from Versailles, with 1,620,000 passengers, from St. Germain, with 1,852,000, from Vincennes, with 1,612,000, and from North London, with 6,600,000.

In order to place the zones without overly enlarging the map, which would have prevented it from being understood at a glance—the main advantage of the figurative map system—I altered the geographical proportions and omitted Ireland and Scotland.

Railroad travel and its costs, considered in terms of national consumption, can be divided per person. For example, for 338,644,000 kilometers traveled in Belgium in 1862 at 18,000,000 francs by a population of 4,671,000, the distance traveled per person is 72.5 kilometers at 3.85 francs. Similar calculations for the European states gave me the values in the table opposite.

Sources consulted for the map and table:


	Parliamentary documents; routes determined by revenues and rates; pass holders were omitted.

	Statistics of Mr. Hauchecorne; reports and official documents of the General Assembly of Railroads of Southern Austria and of Lombardy

	Statistics of Mr. Hauchecorne.

	Parliamentary minutes, statistics of Mr. Hauchecorne, incomplete records of the railroad companies.

	Reports of the Spanish Ministry of Public Works; provided only travelers’ receipts, I determined the routes by the tariffs.

	Reports of the general assemblies of the Orleans Railroad Company, the Northern Railroad Company, the Western Railroad Company, the Eastern Railroad Company, the Midi Railroad Company, and the Mediterranean Railroad Company.

	Unofficial documents of the State Railroad Administration.
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French Wine Exported in 1864

“Carte figurative et approximative des quantités de vins français exportés par mer en 1864”

No date. Lithographic color print. 95.7 × 74.2 cm.

This map is one of just a few works that do not bear a date. However, it must have been created sometime soon after 1864—the year of the data displayed on the map. The map investigates the worldwide overseas export of French wine. Minard wanted to study how the 1860 Anglo-French Treaty of Commerce—designed to reduce trade barriers—had affected the French wine exports. In the right-hand box, Minard included a time series of the French wine exports (1830–1864), the total wine imports in England (1847–1864), and the French wine imports in England (1857–1864). He admitted, though, that he could not find a significant rise in the British consumption of French wine. He attributed this to the British preference for Spanish and Portuguese wines.

MINARD TRANSLATED

Figurative and approximative map of the quantities of French wine exported by sea in 1864

The widths of the red zones represent the quantity of wine exported at a rate of one millimeter for every ten thousand hectoliters. These quantities are also recorded in the black numbers across the zones in units of one thousand hectoliters.

Not included in the map are 440,000 hectoliters that were exported over land: 304,000 to Switzerland, 95,000 to Belgium, 28,000 to Italy, 11,000 to Germany, etc.

For lack of detail, all exports to a country are combined in a single delivery to one of the principal cities of that country. Note on the graphic table: As it seemed interesting to me to represent the movement of wines in France and England a few years before and after the free trade treaty of 1860, I created the table below, in which the abscissae give the years and the ordinates the quantities in hectoliters of wine imported or exported that year, based on French and English customs documents and on Statistical Abstract numbers 9 and 12.

It is difficult to distinguish the influence of free trade on French wine exports. If importation of French wines into England increases slightly, we see an equal increase in the importation of other wines. When we consult the table, it is clear that the trade in French wines, which is strong worldwide, does not have an impact on the English market proportional to its wealth and to its large population, which prefers Spanish and Portuguese wines.
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Populations of Spanish Provinces

“Carte figurative et approximative des populations spécifiques des provinces d’Espagne”

January 11, 1866. Lithographic print. 53.6 × 33.3 cm. Published in: Appendice à la Carte des voyageurs sur les chemins de fer d’Europe en 1862 suivi de considérations sur les chemins de fer (Paris, 1867)

This map is unusual in its focus on graphical methods for choropleth maps. The explication refers to the system of shading areas according to statistical values, first used in 1827 by Charles Dupin, and asserts that the range of shades commonly used is arbitrary and flawed. He suggested a system of graduated hachures be used instead. The map shows population density in the provinces of Spain. The number of horizontal lines in the shading—within a height of one centimeter on the original map—has to be multiplied by five to deliver the population density per square kilometer. In constructing the shades mathematically, Minard hoped to elicit a more intuitive and precise perception of the values.
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English Coal Exported in 1864

“Carte figurative et approximative de la houille anglaise exportée en 1864”

September 17, 1866. Lithographic print, hand-colored. 101.4 × 66.4 cm. Published in: La houille et l’exportation de la houille anglaise (Paris, 1866)

This map updates two earlier maps about English coal exports [14] and [41]. Given the cartographic challenges apparent in map [41], it is notable that Minard would stick to the same scaling of flows—apparently, to make the maps in the series directly comparable. However, the English coal exports had risen further, which exacerbated the problem of placing the flows on the map.

An additional diagram provides the context of the total English coal production and consumption. It shows a time line running from 1850 through 1864, and a stacked graph charting consumption types. These are (from the bottom): export, district of London, production of cast iron, production of iron, private homes, gas lighting, steam navigation and railroads, other uses. The top graph shows the total English coal production. For the first four years it is drawn as a dashed line, indicating that Minard did not have reliable data.

MINARD TRANSLATED

Figurative and approximate map of English coal exported in 1864

The tonnages exported from the major international ports were extracted from the 1864 Mineral Statistics by Mr. Robert Hunt (pages 101–15)

Observation: The widths of the colored zones represent the approximate quantities of coal exported at a rate of one millimeter per twenty thousand tonnes. These quantities are also written across the zones in units of a thousand tonnes.

The grand total for each region or shipping route is greater than the sum of the tonnages detailed, since only principal exports were listed by Mr. Hunt for more than 600 points of export.

In a similar map I drew for 1860, total English coal exports were 7,100,000 tonnes, rising to 8,100,000 by 1864.

Approximate coal consumption in Great Britain from 1850 to 1864

The abscissae give the years and the ordinates the quantity of coal consumed.

The colors indicate the type of consumption. The quantities of coal consumed are represented by the length of the ordinates of each color at a rate of two millimeters per million tonnes.

Information used to prepare the table opposite:






	Consumption

	 

	Sources




	Exports

	 

	Mineral Statistics, 1865, page 214, and Parliamentary Information




	London

	 

	ibid. page 213




	Cast iron

	 

	ibid. page 215, and for the years prior to 1855, calculated at a rate of 3 tonnes of coal for every tonne of cast iron.




	Iron production

	 

	Mineral Statistics, page 215, and for the years prior to 1855 calculated at a rate of 3 tonnes of coal per tonne of cast iron converted to iron.




	Domestic

	 

	Including small factories. In 1848 it was estimated at 19 million tonnes, (A) which could be reduced to 18 million tonnes if considering only domestic consumption, but could be raised to 20 million considering the population in 1864.




	Gas lighting

	 

	Consumption estimated at around 1/9 to 1/8 of the total production.




	Railroad

	 

	Assuming total consumption of 10,000 [tonnes] per kilometer traveled, according to government data.




	Steamship

	 

	Calculated at a rate of 5,000 [tonnes] of coal per horsepower and per hour, the number of horses cited in Steam Vessels from 1864, and assuming the steamers run half the year. For years prior to 1864, I calculated consumption proportional to the annual tonnages consumed by steamers according to the statistical abstract and to the Board of Trade.





See the excellent article on coal by Mr. Lamé Fleury published in Dictionary of Commerce, page 111.
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Coal Production in Europe from 1848 to 1863

“Tableaux graphiques de la production de la houille en Europe de 1848 à 1863 (y compris anthracite et lignite)”

September 17, 1866. Lithographic print, hand-colored. 46.4 × 68.4 cm. Published in: La houille et l’exportation de la houille anglaise (Paris, 1866)

Coal production was a pressing issue for all countries at the time, as consumption increased and importing countries became vulnerable to unforeseen shortages. The bar chart shows the coal production volumes in several European countries 1848–1863, emphasizing the overwhelming share of English coal. The line chart presents the same data with a different focus: countries can be compared in their development. For instance, a massive increase in Prussia (yellow) is apparent here. The Russian graph (rose) is hatched, which may indicate that Minard could not obtain reliable data. Note that Minard included a forecast for France; according to his calculations he projected the gray graph to 1869.
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Russian Railroad Travel in 1863

“Carte figurative et approximative du mouvement des voyageurs sur les principaux chemins de fer de Russie en 1863”

February 1, 1867. Lithographic print, hand-colored. 49.2 × 39.3 cm. Published in: Appendice à la Carte des voyageurs sur les chemins de fer d’Europe en 1862 suivi de considérations sur les chemins de fer (1867)

This map is an eastward extension of Minard’s earlier work on European railway traffic [49]. He returned to this topic because data on Russia had become available in the meantime. Rather than re-draw the earlier map—it had been complicated to fit the flows into the territory of Europe—he opted for drawing an extension, keeping the coloring and scaling consistent. In the appertaining pamphlet, Minard stated that he had wanted to create a survey of European railway passenger transport for a long time and that obtaining reliable, up-to-date, and comparable data had been a laborious process. He added some observations on some national networks, on how the railroads influenced modern warfare, and on the inexplicable “fatal Friday”: on Fridays, passenger numbers slumped regularly all across Europe.

MINARD TRANSLATED

Figurative and approximative map of the circulation of passengers on the major railroads of Russia in 1863

Appendix to the map by Mr. Minard representing passengers on the major railroads of Europe in 1862.

Explanation: The number of passengers traveling on a railroad, in relation to the total length of the railroad, is represented by the widths of the black zones at a rate of two millimeters for every hundred thousand passengers. This number is also written across the zones in units of a thousand passengers.

The information about the circulation of travelers was drawn from the Railroad Statistic by Mr. Hauchecorne for the year 1863 (French Edition).
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Dissemination of Ancient Languages

“Carte figurative des mouvements des langues anciennes avant l’ère moderne”

No date. Lithographic print, hand-colored. 97.2 × 67.6 cm.

Minard drew this map when he was eighty-six years old; even then he was still testing new topics and methods. This work is undated, but it must have been drawn in or after March 1867, as an article published that month is referenced. The map aims to show the dispersal of languages across Asia and Europe in ancient times. In Minard’s era, the concept that languages evolve, and that European and Indo-Iranian languages shared a common root, was revolutionary. The map is a bold experiment in mapping events of a long duration. Minard reflects that it creates a fictional moment in time, comprising diverse unknown epochs. It is therefore more an attempt at communicating a general concept, rather than a precise mapping of events, and does not contain any single time reference.

The colors classify language areas; for instance, rose denotes the family of Indo-European languages. The migration of peoples and the diffusion of languages are streamlined into consistent movements and visualized with arrows.

MINARD TRANSLATED

Figurative map of the dissemination of ancient languages before the modern era

Note. A remarkable article by Mr. Alfred Maury on comparative philology published in the Revue des deux mondes inspired me to make it the subject of a map, but I did not immediately act on it. But another article by this eminent philologist, published in the same review, on cuneiform writing and the implications that he drew from its interpretation having been added to the philological opinions of this scholar, my first intention became execution and I drafted this map.

The map represents the migrations of some ancient peoples or of their languages before the modern era. As these movements did not all occur during the same period, my map, of which all the merit belongs to Mr. Maury, offers merely the picture of a fictitious state comprising the various states of unknown epochs, imagined simultaneously. Despite following a false chronology, I hope this map will not be without interest in its quest to substitute a written narrative with a graphic representation.

The undulating lines with arrows indicate the direction in which the peoples or languages moved. Red corresponds to Indo-European languages. Other languages have other colors, and several have the same color to avoid confusion. This is but a figurative map in that geographical proportions have been altered to ensure a more intelligible representation.
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Free Trade with England

“Le libre échange avec l’Angleterre en tableaux graphiques”

August 31, 1867. Lithographic prints, hand-colored. Each approx. 45.0 × 32.7 cm. Published in: Le libre échange avec l’Angleterre en tableaux graphiques. (Paris, 1867)

In the wake of the Anglo-French Treaty of Commerce (signed in 1860), Minard published a brochure accompanied by seven plates containing a multitude of diagrams, in which he analyzed the commercial relations between France and England through the years 1854–1865. The treaty had not fully abolished prohibitions and customs, but it had substantially diminished trade barriers between both countries. Minard tried to determine whether this had advanced or choked the French national economy, noting that the trend was not always clear or easy to explain. He concluded that the accord had generally contributed to the well-being of both nations. Uncharacteristically, he did not provide his data sources (except for some isolated footnotes). It is likely he drew from public customs and trade reports.
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Cereals Imported to France in 1867

“Carte figurative des mouvements et provenances des céréales importées en France en 1867”

May 14, 1868. Lithographic color print. 93.0 × 69.8 cm.

In this late flow map, Minard analyzed cereals imported in France. Imports from overseas are green; cereals imported on land are russet. One conspicuous feature is how he broadened the Bosphorus (which is only between 700 and 2,500 meters wide) to make room for the imports from Russia and the Ottoman Empire. Generally though, Minard seems to have developed a certain ease in working with flow maps at this point, particularly in terms of selecting suitable data. He did not have to entwine the flows very much, and their number and width can be perceived effortlessly. To provide context, the map contains a diagram of monthly wheat prices in France, Chicago, Odessa (then Russia), Valladolid (Spain), and Budapest (then the Austro-Hungarian Empire).

MINARD TRANSLATED

Figurative and approximate map of the movements and provenance of cereal imported to France in 1867

The approximate quantities of cereal are represented by the widths of the colored zones at a rate of four millimeters for every five hundred thousand hectoliters. The numbers written below points of import are in units of one thousand hectoliters; thus [the town of] Forbach received 154 thousand hectoliters.

This map was drawn using data provided by railroad engineers and approximate information from the French Customs Administration.

Table of the average prices of wheat per month in Chicago, Odessa, Pest, and Valladolid in 1867 (broken down by hectolitres of 75 kilograms).

Observation: Prices from Chicago have been extracted from Trade and Commerce of the City of Chicago, page 41.

Wheat prices from Valladolid are the average of each trimester in 1867 according to Blanquille.
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Hours of Latin Study in Stuttgart High Schools

“École dite Realschulen de Stuttgart. Tableau graphique montrant le nombre d’heures par semaine d’étude du latin diminuant depuis 1818 jusqu’en 1864”

No date. Lithographic print, hand-colored. 48.5 × 28.9 cm. Published in: La Statistique (Paris, 1869)

In the paragraph “Statistics applied to education” of his brochure La Statistique, Minard refers to an administrative report about secondary education.4 The publication’s graphic charts had impressed him, and from one particular diagram showing the subjects taught in secondary schools in Wurttemberg (cf. page 20 in the introduction) he extracted data on the decline of Latin lessons from 1818 to 1864 (top). Minard then added a second diagram (bottom), showing the growing number of students over that same period. He expressly mentions a causal link between the two phenomena. Even though we do not know the objective of Minard’s investigation here, this connection seems disputable today.
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Hannibal’s March over the Alps and Napoléon’s Russian Campaign

“Carte figurative des pertes successives en hommes de l’armée qu’Annibal conduisit d’Espagne en Italie en traversant les Gaules (selon Polybe)”

“Carte figurative des pertes successives en hommes de l’armée française dans la campagne de Russie, 1812–1813”

November 20, 1869. Lithographic color print. 64.8 × 20.9 cm (Hannibal) and 64.8 × 26.5 cm (Napoléon).

Here is the source of Minard’s prevailing fame—his flow map relating to Napoléon’s Russian Campaign in 1812–1813 (bottom). It is puzzling that it is so often shown as an isolated work when it actually forms part of a comparison with a second flow map (top), which covers the 218 BC march of Carthagian commander Hannibal who, along with an army of ninety thousand men, crossed over the Alps toward Rome. The two maps show the “progressive losses in men” that both armies suffered. The flows are constructed to the same scale. It is important to note that both campaigns consisted of countless separate movements and were interrupted by battles, overnight stays, retreats and advances, and the parting and reunion of troops. To show both campaigns as a constant flow is “an effective generalization of a historic event.” 5

The Napoléon graphic manages to integrate six data variables in a condensed representation devoid of visual clutter. Its base map is strikingly reduced—except for a few rivers, barely any landscape features are delineated. The westernmost point is the city of Kowno (Kaunas, in what is today Lithuania) on the river Neman. In the east the city of Moscow is the extreme point of the flow. Note that the place names are neither consistently local nor taken from any particular language but switch from French to German to Slavic.6 The flow enters Russia from Poland with 422,000 men; the retreating army crosses the Neman with only 10,000 men remaining. The graphic is enhanced by a temperature diagram (referring to the Réaumur scale) connected to the retreating flow. Contrary to conventional line diagrams, this one has the time running from right to left in order to follow the westward retreat.

A notable “narrative” label on the lower left-hand side of the map reads, “The Cossacks gallop over the frozen Neman.” 7 This isolated text is connected to a spot on the Neman, located in the brown flow entering Russia. However, as we speak of Cossacks and the frozen river, the label can only refer to Russian soldiers chasing the retreating French army in the winter. We may assume then, that Minard here—in an interesting impulse to complete the “narrative” contained in the map—“told” the end of the story with an anecdote from the retreat and linked it to a particular location on the river.

MINARD TRANSLATED

Figurative map of the successive losses of the French army during the Russian campaign, 1812–1813

The numbers of men present are represented by the widths of the colored zones at a rate of one millimeter for every ten thousand men, and are also written across the zones. Red designates the men entering Russia, black those exiting. The information used to draw this map was obtained from the works of Mr. Thiers, Mr. de Ségur, Mr. de Fezensac, Mr. de Chambray, and the unpublished journal of Jacob, pharmacist of the army since October 28th.

To better perceive the reduction of the army at a glance, I assumed that the corps led by Prince Jerome and Marshall Davout, which were detached at Minsk and Mogilev and rejoined near Orscha and Witebsk, had always marched with the army.

Figurative map of the successive losses of Hannibal’s army during the march from Spain to Italy through Gallia (according to Polybius)

Legend: The numbers of men remaining are represented by the widths of the colored zones at a rate of one millimeter for every ten thousand men, and are also written across the zones.

As there is no consensus on where Hannibal crossed the Alps, I adopted Larosa’s opinion without claiming to justify it.

In the text Minard listed the books from which he had extracted his data. This must have been a rather laborious process, given that “the army” consisted of countless military units from many parts of Europe.8

In comparison, the Hannibal base map is more detailed. It emphasizes the coastlines of Spain, southern France, and Italy, and includes the mountain ranges of the Pyrenees and the Alps, both of which formed fatal barriers for Hannibal’s army. Note that the region is rotated eastward to make the coastline fit the horizontal format. The scale along the bottom refers to leagues, an ancient unit of length. Due to the consistent scaling in both maps—as before, this was a priority for Minard—Hannibal’s losses seem rather modest. He had, however, lost some sixty-eight thousand men in this march, amounting to 72 percent of his troops.

Minard based his representation on the ancient account in Polybius’s Histories, as well as some advice from contemporary historians. The map arrestingly conveys a sense of the fatal moments of the campaign. When Hannibal approached the Alps, he had forty-six thousand soldiers at his command—meaning that forty-eight thousand soldiers had already been lost. For instance, the crossing of the river Ebro (today in Spain) had resulted in fourteen thousand losses, and the Pyrenees, twenty thousand. Losses were due not only to natural obstacles such as rivers and mountains, but also to numerous unexpected battles against local tribes along the way.

This gruesome impression is deeply intensified by looking at the diminishing flow that visualizes Napoléon’s army in Russia. To this day, it is an excruciating exercise to read eyewitness reports by soldiers who survived the retreat. Minard created his visualization more than fifty years after the campaign. It is a brilliant conceptual transfer: in applying the flow method to a military campaign, Minard shifts his entire focus to a single variable: the number of people in the flow. This variable sees only one type of variation—a sharp and steady decline. It seems to have been this potent and poignant message that made these two maps (and particularly the Napoléon one) so successful in telling a story about the cataclysm of war.
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Average Age of Students at École Polytechnique

“Age moyen des élèves de chaque promotion à l’École polytechnique”

May 6, 1870. Lithographic print. 64.5 × 30.8 cm.

This is the last known work by Minard. The title reads: “Average student age of every admission to the École Polytechnique.” The timeline shows the years 1796 through 1863. The vertical axis represents the admission age in years, with a crude breach between the ages of five and fourteen. The lower register contains text labels that explain the knowledge of Latin and French required for admission to the school. This work resonates with the layout and topic of [59]; however, we do not know why Minard investigated the importance of Latin in higher education in his last two years.


Technical Drawings
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Paris Canal and Railroad Project

“Projet de canal et de chemins de fer pour amener à Paris, les pavés, la pierre meuliere, et l’eau de l’Yvette”

May 1, 1822. Published in: Tableau des progrès de la dépense du pavé de Paris pendant les deux derniers siècles. (Paris, 1825)

63

Canal du Centre, 1823

“Canal du Centre. Etanchement des filtrations de Vertempierre. Canal en maçonnerie hydraulique exécuté en 1823.”

April 20, 1824. Published in: Notice sur l’étanchement des filtrations du canal du Centre, près des carrières de Vertempierre. (Paris, 1824)

64

Navigation, High-Speed Vessels

“Navigation — Bateaux-Rapides”

1834. Published in: MacNeill, John. “Extrait d’un mémoire anglais intitulé: De la résistance de l’eau au passage des bateaux dans les canaux (1833),” translated by Charles-Joseph Minard. (Paris, Annales des ponts et chaussées, 1834) 

65

Railroad Lessons

“Leçons faites sur les chemins de fer”

Series of eight plates, 1834. Published in: Leçons faites sur les chemins de fer à l’École des ponts et chaussées en 1833–1834. (Paris, 1834)

66

Construction Course, River Navigation

“Cours de construction — Navigation des rivières”

Series of thirty-six plates, 1841. Published in: Cours de construction des ouvrages qui établissent la navigation des rivières et des canaux, professé à l’École des ponts et chaussées de 1832 à 1841. Atlas. (Paris, 1841)

67

Railroad from Montpellier to Cette

“Chemin de fer de Montpellier à Cette”

May 1843. Published in: Second mémoire sur l’importance du parcours partiel sur les chemins de fer. (Paris, 1843)

68

Construction Course, Seaports

“Cours de construction — Ports de mer” 

Series of twenty-five plates, 1846. Published in: Cours de construction des ouvrages hydrauliques des ports de mer. Atlas. (Paris, 1846)

69

Political Economy, Graphic Tables

“Économie Politique — Tableaux Graphiques”

1850. Published in: “Notions élémentaires d’économie politique appliquées aux travaux publics,” (Paris, Annales des ponts et chaussées, 1850)

70

The Nautical Future of Le Havre

“De l’avenir nautique du Havre”

Two plates, February 15, 1856. Published in: De l’avenir nautique du Havre. (Paris, 1856)

71

The Fall of Bridges in Great Floods

“De la chute des ponts dans les grandes crues”

October 24, 1856. Published in: De la chute des ponts dans les grandes crues. (Paris, 1856)

72

Containment of the Seine Maritime and the Clyde

“Endiguement de la Seine Maritime/Endiguement de la Clyde”

April 30, 1859. Published in: De l’endiguement de la Seine jusqu’à Honfleur et du port du Havre. (Paris, 1859)

73

Mouths of Navigable Rivers

“Des embouchures des rivières navigables”

Series of six plates, November 5, 1864. Published in: Des embouchures des rivières navigables. (Paris, 1864)

74

Great Constructions of Ancient Peoples

“Grandes constructions de quelques anciens peuples”

December 11, 1869. Published in: Grandes constructions de quelques anciens peuples. (Paris, 1869)


Curriculum Vitae





	1781

	Charles-Joseph Minard was born in Dijon on March 27. He received his secondary education in Dijon, where he formed lifelong friendships with two fellow students (Mr. Désormes, Mr. Clément).




	1796–1800

	At age fifteen, Minard entered the prestigious École polytechnique in Paris to pass his foundational engineering education.1




	1800–1804

	Minard went on to the influential École des ponts et chaussées to become a civil engineer for traffic-related infrastructure. The exact year of Minard’s leaving the École des ponts et chaussées is unclear (1802–1804).




	1802–1815

	As an engineer, Minard was sent on assignments all over France: to the Canal de Charleroi between Charleroi and Brussels (1802–1804),2 to Angers for local arrondissement services (1805), to the military haven of Rochefort (1806–1810), to Flushing and Antwerp for reconstruction works in both ports (1810–1812), to Antwerp for the construction of a war ship dock (1813–1814),3 and to Trilport to rebuild a war-torn bridge over the river Marne. He witnessed the 1814 Siege of Antwerp, which had a lasting and traumatic impact on him.




	1815–1825

	Minard entered the municipal service in Paris, where he immersed himself in a study about how to ameliorate the state of the municipal pavements. He married the daughter of his friend Mr. Désormes (1822). They had two daughters; one son was lost in early infancy (1825). Minard was sent to Chalon-sur-Saône as chief engineer for the Canal du Centre.




	1825–1830

	Minard was assigned to the Canal de Saint-Quentin and promoted to chief engineer (1827) of the canal. He took a leave from the public corps to continue his work with the Honoré brothers, the license holders of the canal.




	1830–1839

	In 1830, Minard returned to public service and was promoted to inspector of the École des ponts et chaussées, which included regular teaching duties. He received the Cross of the Legion of Honor, the highest French order of merit.4 With the foundation of the Annales des ponts et chaussées in 1831, Minard joined its editorial board, a position he kept until after his retirement in 1851.5




	1839–1845

	Minard was awarded Officer of the Legion of Honor6 and promoted to inspector of the Corps des ponts et chaussées. From 1839, he oversaw the ninth inspection, which comprised six departments in the south of France. In order to reduce his traveling duties, he took over the fifteenth inspection in the center of France, closer to Paris.7 However, due to perpetual health problems, he was unable to perform the necessary field trips in 1844–1845. In 1842, he resigned from his duties as a professor at the École des ponts et chaussées. The first significant diagrams and maps date from 1844 to 1847.




	1846–1851

	Minard was named inspector general and as such became a permanent member of the Conseil général des ponts et chaussées (1846). As a district inspector, he had been a temporary member of this influential council. Now, a new permanent seat was added to the council in his favor.8 Minard was awarded Commander of the Legion of Honor (1849).




	1851–1870

	On his seventieth birthday (March 27, 1851), Minard officially retired due to the age limit for inspectors general. Over the following period, Minard undertook self-initiated, in-depth studies in statistical visualization. Until his death, he published about fifty-eight maps and diagram plates, along with several brochures, pamphlets, and articles.




	1870

	Amid the events leading up to the Siege of Paris and the Paris Commune, Minard left the city abruptly on September 11 with his wife, one daughter, and son-in-law, taking with him only light luggage and some unfinished work. Having arrived in Bordeaux, he quickly re-adopted his current studies. However, he was hit by a fever a few weeks later and died at age eighty-nine on October 24. His other daughter and son-in-law, trapped in Paris, didn’t learn of the news until three months later. Minard is buried in the Montparnasse Cemetery in Paris.9
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19 He emphasized the improvement of existing conditions as a goal of engineering projects in contrast to earlier times, when some public works were constructed to elevate the monarchy’s or the nation’s splendor, such as public monuments or triumphal arches. Minard, “Notions élémentaires d’économie politique,” 54: “Dans l’etat actuel de la societé les constructions publiques, quelles que soient leurs innovations, ont presque toujours pour but une amélioration de choses déjà existantes; c’est cette amélioration qu’on doit chercher à exprimer en économies, et ce sont des économies qui représentent l’utilité créée.”

20 For instance: Georges Ribeill, “Le rôle des polytechniciens dans le développement des chemins de fer,” in La France des X. Deux siècles d’histoire, ed. by Bruno Belhoste, Amy Dahan Dalmedico, Dominique Pestre, and Antoine Picon (Paris: Economica, 1995), 242; and François Caron, Histoire des chemins de fer en France. Tome premier 1740–1883 (Paris: Fayard, 1997), 109: “Les possibilités techniques des chemins de fer pouvaient être contestées. À l’origine, la technologie ferroviaire pouvait ne pas paraître porteuse d’avenir. Le témoignage le plus frappant de cette incertitude initiale est celui que nous fournissent les leçons données à l’École des ponts et chaussées par l’ingénieur Minard en 1834.” cf. Minard, Notions élémentaires d’économie politique, 39–42.

21 He laid down this conviction in two brochures in 1842 and 1843: Minard, Importance du parcours partiel and Minard, Second mémoire sur l’importance du parcours partiel. See also Palsky, Des chiffres et des cartes, 114.

22 Cf. also Minard’s own description in Minard, Des tableaux graphiques, 2.

23 “Mais les nombres, d’une utilité statistiques incontestable, ne sont pas appréciés par l’œil aussi facilement que les figures qui leur sont proportionnelles; j’ai donc dressé un tableau figuratif du mouvement des voyageurs....Ce tableau parle aux yeux et fait saisir d’un seul coup d’œil l’ensemble des résultats.” Charles-Joseph Minard, Des voyageurs internationaux sur le chemin de fer entre la Belgique et la Prusse (Paris: Fain et Thunot, 1846), 5.

24 Minard, Des tableaux graphiques, 2: “Ce mode de representation a un petit inconvénient sous le rapport de l’exploitation commerciale : quelquefois la marche d’une marchandise ne peut être suivie facilement de l’œil, parce que les rectangles de même couleur qui la représentent sont séparés par ceux d’une autre couleur; et si l’on veut se bien rendre compte du mouvement de cette marchandise, il faut avoir un tableau graphique pour elle seule.”

25 Minard, Des tableaux graphiques, 3.

26 This work explicitely refers to and redesigns two flow maps by Alphonse Belpaire from 1847. See also Palsky, Des chiffres et des cartes, 118.

27 Again, there are clear references to questions of evaluating infrastructural investments to be found in his early maps on transportation, such as in [10]: “Le but de cette carte est de faire saisir d’un seul coup d’œil l’importance relative des voies de transport en égard aux combustibles. Une carte ainsi dressée pour l’ensemble de toutes les marchandises donnerait l’une des meilleurs bases de répartition des fonds que l’État consacre aux voies de transport. Car si cent mille francs destinés à améliorer une voie quelquonque doivent donner la même baisse de prix de transport sur chacune d’elles, c’est en les appliquant à la plus fréquentée qu’on obtiendrait le plus grand bénéfice public.”

28 That this is an individual focus on the part of Minard springs to mind when looking at a portfolio of visualization works collated by Minard’s fellow engineer Léon Lalanne and kept at the archive of the École nationale des ponts et chaussées: Minard, Charles-Joseph. Cartes et tableaux statistiques divers réunis par M. Lalanne (Paris: École nationale des ponts et chaussées, 1818/1874). Although Minard is erroneously named as the sole author in the library catalog, the collection comprises works by various contributors. In addition to several flow maps by (or inspired by) Minard, it contains also an impressive collection of elaborate diagrams—proving that among Minard’s peers there was a very fruitful strand of visualization research and practice relating to diagrams.

29 For a brief outline of this development see, for instance, Michael Friendly, “The Golden Age of Statistical Graphics,” Statistical Science 23, no. 4 (2008): 504f.

30 Minard, La Statistique (Paris: Cusset et Cie., 1869), 1: “La Statistique est l’enregistrement des faits similaires dans un ordre méthodique, numérique ou chronologique. La mémoire est l’enregistrement intuitif dans le cerveau d’idées ou de sensations qui nous ont plus ou moins impressionnées....En signalant de prime abord l’analogie entre la Statistique et l’un des éléments nécessaires à notre entendement, j’ai voulu la relever de l’infériorité où elle a été placée par les savants, car si la mémoire est indispensable pour acquerir nos connaissances intellectuelles, la Statistique est la base de plusieurs sciences auxquelles nous ne serions pas arrivés sans elle.”

31 William Newmarch, “The Progress of Economic Science During the Last Thirty Years:—an opening address by William Newmarch, F.R.S., as President of the Section of Economic Science and Statistics, at the Thirty-First Annual Meeting of the British Association for the Advancement of Science, at Manchester, 4th–11th September, 1861;—with a report of the closing proceedings of the section.” Journal of the Statistical Society of London XXIV (1861): 457.

32 One example is the descriptive text of map [49], in which Minard integrated data on the circulation of railroad lines across Europe from a wide variety of different sources.

33 In addition to the descriptive texts of the maps, many of which also contain data tables, see for instance his brochures: Minard, Des voyageurs internationaux; Minard, Appendice à la Carte des voyageurs sur les chemins de fer d’Europe en 1862 suivi de considérations sur les chemins de fer (Paris: E. Thunot et Cie. 1867), or Minard, La houille et l’exportation de la houille anglaise (Paris: E. Thunot et Cie., 1866).

34 Regarding the interpretation of these two recurrent terms, see also Palsky, Des chiffres et des cartes, 127–28.

35 Minard, Des tableaux graphiques, 1: “La grande extension donnée de nos jours aux recherches statistiques a fait sentir le besoin d’en consigner les résultats sous des formes moins arides, plus utiles et d’une exploration plus rapide que les chiffres....En donnant à la statistique une direction figurative, j’ai suivi l’impulsion générale des esprits vers les représentations graphiques...en rendant la statistique figurative, j’ai satisfait le besoin du jour, mais n’ai-je fait que sacrifier au goût de l’epoque et n’ai-je pas contribué à augmenter l’utilité et à abréger le temps des études statistiques?”

36 Maurice Block, Traité théorique et pratique de statistique (Paris: Librairie Guillaumin et Cie., 2nd ed. 1886), 418: “Malgré tout ce qu’on a pu faire de vraiment remarquable, les représentations graphiques n’atteignent peut-être jamais la précision des tableaux de chiffres.” Block wrote this even though, a few pages before, he acknowledged that the graphical method, once born, had quickly achieved a remarkable level of perfection (404). See also Gilles Palsky, “The debate on the standardization of statistical maps and diagrams (1857–1901): Elements for the history of graphical language.” Cybergeo: European Journal of Geography [online] (1999): 3–4.

37 Description text on [24]: “Le but de mes Cartes Figuratives est moins d’exposer des résultats statistiques, mieux établis par des nombres, que d’en faire saisir promptement les rapports à l’oeil, rapports qui arrivent spontanément à l’intelligence par les figures et qui n’y pénètrent par les nombres que par l’intermédiaire d’un calcul mental. Les Cartes figuratives sont tout-à-fait dans l’esprit du siécle où l’on cherche à économiser le temps de toutes les manières possibles.”

38 This would explain why at times he would use a horizontal scale for a vertical axis—a practice that seems curious today, but does work when a diagram is printed on paper (i.e., comes without a zoom function) and is read using a ruler, as with [1] and [54].

39 Robinson, “The Thematic Maps of Charles-Joseph Minard,” 100.

40 Gilles Palsky, “Cartes topographiques et cartes thématiques au XIXe siècle,” in La Cartografia Europea tra Primo Rinascimento e Fine de’ll Illuminismo, edited by Diogo Ramada Curto; Angelo Cattaneo, and André Ferrand Almeida (Florence: Leo S. Olschki Editore, 2003), 286–87.

41 Ibid.

42 Description text on [12]: “Le but de cette carte étant de faire apprécier à l’œil l’importance relative des diverses circulations, j’ai sacrifié à cette considération l’exactitude topographique. Plusieurs distances sont altérées, pour pouvoir placer les zones et pour ne pas dépasser les dimensions des plus grandes pierres de lithographie.” (Carte figurative et approximative des tonnages de marchandises, (flottage compris) qui ont circulé sur les voies navigables de France pendant l’année 1850)

43 Two attempts to be named a member of the prestigious Académie des sciences fell through. Chevallier, “Notice nécrologique,” 15.

44 Robinson, Thematic Maps of Minard, 100.

45 Chevallier, “Notice nécrologique,” 14: “Si l’on songe aux travaux difficiles executés par M. Minard dans les ports militaires et sur les canaux, aux services importants qu’il a rendus comme professeur et comme membre du conseil des ponts et chaussées, son avancement paraîtra peut-être un peu lent pour l’époque où il vivait. C’est que M. Minard ne savait pas se faire valoir.”

46 [4] was published in “some one hundred copies.” Likewise, [6] was distributed to some one hundred people, such as engineers, deputies, etc. (Minard, Des tableaux graphiques, 2). The first flow map, [5], was printed in two hundred copies and sent to members of the Conseil des ponts et chaussées, to deputies of the districts concerned, and to fellow engineers (Minard, Des tableaux graphiques, 3).

47 Aside from the complete oeuvre kept at the École nationale des ponts et chaussées, the Bibliothèque nationale de France holds a substantial collection and the Library of Congress a smaller selection of maps. Only single copies are known in other libraries. As for the rare book market, copies of Minard maps appear scarcely and sometimes in bad condition due to the poor quality of the paper used. At the time of writing this book, two extensive collections of maps in good condition were available through Daniel Crouch Rare Books in London. Both originated with fellow engineers and colleagues of Minard from the École des ponts et chaussées whose families had preserved the collections.

48 Chevallier, “Notice nécrologique,” 17. There was a considerable fluctuation of officeholders in that position during the period of Minard’s late career and retirement.

49 Minard, Des tableaux graphiques, 6. This must have happened at some point between 1855 (when Rouher became Minister of Agriculture, Commerce and Public Works) and the publication of the brochure in 1861.

50 Minard, Des tableaux graphiques, 6. Given Eugène Rouher’s close ties with Napoléon III it might have been he who made the connection to His Majesty.

51 Chevallier, “Notice nécrologique,” 17. See also Palsky, Des chiffres et des cartes, 135. The map depicted in the painting seems to be an early version from the series on the Tonnages de marchandises qui ont circulé sur les chemins de fer et les voies d’eau en France (see page 66).

52 Minard, Des tableaux graphiques, 6.

53 Ibid., footnote 1. This remark was apparently so important to Minard that he added it in a handwritten note on a copy of this diagram, which he bequeathed to the École nationale des ponts et chaussées as part of his big portfolio in 1870 [5].

54 Minard, Des tableaux graphiques, 6. See also Palsky, Des chiffres et des cartes, 137.

55 Palsky, Des chiffres et des cartes, 138: “Si ces travaux ont une influence immédiate, ils annoncent surtout une période d’engouement pour la statistique graphique, entre 1860 et 1900.” In the subsequent upsurge of statistical graphics in France, it is particularly worth noting a series of Albums de statistique graphiques, which were published by the administration of public works between 1879 and 1906 under the direction of Émile Cheysson.

56 Tarbé de Saint-Hardouin, “Notices biographiques,” 153: “La lenteur de son avancement, comparé à celui de ses contemporains, a été sans aucun doute le résultat de l’indépendance de son esprit et du choix qu’il faisait de ses occupations dans le but exclusif de satisfaire ses goûts d’étude, et sans se préoccuper des progrès de sa carrière administrative.”

CATALOG OF STATISTICAL GRAPHICS

1 Minard, Tableau des progrès, 3, trans. by the author: “Pour mieux saisir l’ensemble de toutes circonstances de l’entretien, nous en avons dressé un registre figuré, en prennant les années our l’abscisses, et pour ordonnées les divers élémens que nous avons considérés.”

2 Minard, Importance du parcours partiel sur les chemins de fer. (Paris: Fain et Thunot, 1842); Minard, Second mémoire sur l’importance du parcours partiel sur les chemins de fer (Paris: Fain et Thunot, 1843).

3 This refers to Minard’s calculation methods. The number of tonnes is proportional to the square of the diameter of the circle such that the circle surface area, rather than a line, represents the tonnage.

4 Jean-Magloire Baudouin, Rapport sur l’état actuel de l’enseignement spécial et de l’enseignement primaire en Belgique, en Allemagne et en Suisse (Paris: Imprimerie Impériale, 1865). Mentioned in Minard, La Statistique (Paris: Cusset et Cie., 1869), 5.

5 Menno-Jan Kraak, Mapping Time: Illustrated by Minard’s Map of Napoléon’s Russian Campaign of 1812 (Redlands, CA: Esri Press, 2014), 100.

6 Kraak, Mapping Time, 20.

7 “Les cosaques passent au galop le Niémen gelé.”

8 Minard mentioned “the works of Mr. Thiers, Mr. de Ségur, Mr. de Fezensac, Mr. de Chambray and the unpublished journal of Jacob, pharmacist of the army from October 28th.” Those works probably were: Adolphe Thiers, histoire du Consulat et l’Empire faisant suite à l’Histoire de la Révolution française, 20 vols. (Paris: Paulin et Lheureux, 1845–62); Philippe-Paul de Ségur, Histoire de Napoléon et de la Grande Armée, pendant l’année 1812 2 vols (Paris: Baudouin frères, 1824); Raymond de Montesquiou-Fezensac, Journal de la campagne de Russie en 1812 (Tours: A. Mame, 1849) or Raymond de Montesquiou-Fezensac, Souvenirs militaires de 1804 à 1814 (Paris, J. Dumaine, 1870); George Chambray, Histoire de l’Expedition de Russie. (Paris: Pillet aîné, 1823). Virginia Tufte and Dawn Finley (“MINARD’s sources—From Virginia Tufte and Dawn Finley,” EdwardTufte.com, August 7, 2002, www.edwardtufte.com/tufte/minard) identified “Jacob” to be Pierre-Irénée Jacob (1782–1855), with his diary published in the Revue d’Histoire de la Pharmacie XVIII, nos. 189–91, 1966 (www.persee.fr/collection/pharm). In the scale in the lower right of the map, Minard refers to an undetermined “Map of Mr. Fezensac.” It has not yet been identified.

CURRICULUM VITAE

1 Listed as a pupil with entry date 1796 in Fourcy, Ambroise: Histoire de l’École polytechnique, Paris 1828, p. 499. On p. 84, Fourcy claims that the foundational course at the Polytechnique usually took two years, before pupils went on to more specialised colleges: gallica.bnf.fr/ark:/12148/bpt6k64501909/f110.double.r=corps%20des%20ingenieurs%20des%20ponts%20et%20chaussees%201804. However, Minard is listed in the general list of pupils with the date 1800 behind his name, which might indicate he spent four years at the Polytechnique, before going on to the ENPC. (ibid. p. 401)

2 Detail information: www.ronquieres.org/vionnoisetminard.html // Article published about the experiments: gallica.bnf.fr/ark:/12148/bpt6k408437x/f409.item. An 1839 map of the canal kept in the Bibliothèque nationale de France mentions Minard briefly in the legend: gallica.bnf.fr/ark:/12148/btv1b531195301/f1 (see page 12).

3 Article published about this endeavor and complications in 1856: gallica.bnf.fr/ark:/12148/bpt6k50675j/f709.item

4 Chevallier 1871, p. 9. Cf. also Almanach 1833, p. 569; Almanach 1835, p. 574

5 Chevallier 1871, p. 15

6 Chevallier 1871, p. 11

7 Almanach 1839, p. 151; Almanach 1844, p. 163.

8 Chevallier 1871, p. 13

9 Michael Friendly, personal communication with the author
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