The importance of mapmaking in the history of human civilization is remarkable. From ancient and primitive societies to the technologically diverse world in which we live today, maps provide us with a glimpse into the state of the human condition at any point in history. Cartography, or mapmaking, has always cut across disciplinary lines and been used in many different fields for a variety of purposes. The universality and timelessness of the map's appeal can be attributed to its aesthetic and practical foundations  --  a synthesis of artistic creativity and scientific usefulness. Cartography's intellectual development mirrors that of science in general and geographical thought in particular; for many centuries it was the primary means of expression in geography. Hence, a look into the history behind this exciting multidisciplinary field reveals it to be a practical blend of art and science that has played a significant role in the evolution of human civilization.

PRIMITIVE PEOPLES AND ANCIENT CIVILIZATIONS
One of the most fascinating aspects about the mapmaking activities of primitive peoples is that the practice arose independently in isolated societies. Pre-literate people in present day Italy carved maps into stone with surprising attention to spatial detail as early as 2000 B.C.
  Later, the Aztecs in present-day Mexico created maps depicting roads, hills, and streams, and even labelled place-names with hieroglyphics.
  Meanwhile, native peoples in the south Pacific were making stick charts to aid themselves in marine navigation. These crude charts provided information not only about the relative locations of islands, but also provided the primitive mariner with wind and wave patterns. They were works of art in their own right, consisting of palm fronds, shells, and sticks intricately laced together. The unique information conveyed by them was important only to the inter-island navigator, and the islanders' secrecy surrounding the contents and use of them is a recurring theme throughout the history of mapmaking.
  All of this shows that the tendency to spatially represent one's surroundings is evident even in the earliest recorded histories, and is a common theme among human societies. We will find other examples of this later in history, such as the Greek and Chinese developments of similar mapping practices quite independently of one another. Maps from primitive societies are more figurative than literal, owing to their limited technology. They are also pictographic in nature, leading one to infer that mapmaking is as old as any other form of picture drawing.

The Egyptians and Greeks invented and developed geometry respectively as a means toward more literal geographic portrayal.
  The Egyptians made cosmological and zodiacal maps from 350 to 100 B.C. but also recognized the utilitarian aspects of mapmaking. They invented geometry originally as a method of resurveying property following recurrent floods of the Nile River, resulting in the invention of cadastral (records of public ownership) mapping.
  This is an early example of how cartographic demands often give rise to a milestone in human intellect. The Egyptians also merged cartography and spirituality, as evidenced by their practice of carving maps on the bottoms of sarcophagi that were placed in the pyramids.

It is the ancient Greeks to whom we owe much in the way of basic cartographic techniques. Many of the Greek geographers were more philosophers than experimenters, a fact that is shown in their mapmaking.
  They utilized mathematics in their cartography and used the map as a means by which to portray their philosophies regarding the natural world. Anaximander of Mietus created the earliest known "world map" in 550 B.C., showing the Mediterranean as the center of the world (another common theme amongst many civilizations throughout history.) Greek scholars put much effort into philosophizing about the limits of "habitable space." Aristotle divided the world on his maps into climatic zones, determining the habitable world to exist between the arctic zone in the north and the tropical zone in the south.
  Such hypothetical limitations on human survival in distinct geographical zones would later influence worldwide exploration. 

Claudius Ptolemy (A.D. 90 - 168) was perhaps the most important Greek geographer (and mathematician.) His literary works included a guide for making maps titled Geography, which included instructions for map projecting and provided a list of coordinates for nearly 8,000 locations by refining existing world maps into larger scale sections.
  Ptolemy was concerned with the extent of the habitable world (like Aristotle), the accurate depictions of locations on maps, and the mathematical construction (projection) of a world map.
  His world map, first published in A.D. 150, would influence cartography for centuries (figure 1.)

The Roman Empire (30 B.C. - A. D. 400) is well-known for its military prowess and conquest of vast territories; thus it is not surprising that it focussed on military and administrative applications of cartography. As the heirs to Greek geographic knowledge, the Romans greatly improved cadastral mapping by developing rectilinear surveying techniques and numbering systems, and mapped their holdings from northern Africa to Great Britain.
  Town plans, hydrographic features, and itineraries are all characteristics of Roman cartography. The latter can be thought of as a precursor to the modern road map, with its road depictions and mileages between place names. The importance of maps to the Romans must be emphasized; their unparalleled expertise in cadastral cartography enabled them to rule authoritatively and expand their domain for centuries.

The peoples of the Orient were devising their own mapping ideas at this time as well, most notably the Chinese. The timing of the earliest survey of China approximates the earliest Greek maps (6th century B.C.), and in many cases ancient Chinese maps more closely resemble present day maps. Their maps were exquisite pieces of art often set on silk. Chinese mapping from this period used rectangular grid systems introduced by the astronomer Chang Heng, a contemporary of Ptolemy.
  As early as 200 B.C., the Han Dynasty used maps for military and administrative purposes, just as the Romans later would. The Chinese also extended their cartographic techniques to the heavens; Chang Heng created a star map in 310 using a cylindrical map projection, and the first celestial globe in 440.
  Maps of ancient China often depicted the oceans with dramatic and hostile lines, an example of how human perceptions of nature are often displayed on a map.

That maps were made by mathematicians, astronomers, and philosophers in antiquity attests to the early multidisciplinary nature of cartography. Though many ancient civilizations contributed to the development of cartography, Greek contributions were the most significant. The Egyptians and the Chinese had their "world maps", which were essentially maps of their own territories surrounded by the sea. These maps made no provisions for "undiscovered" places; there were no blank spaces waiting to be filled. These societies thought they knew the world, and the geographic world centered on them.
  The Greeks, however, raised geography to an objective science by rejecting such subjective thinking, and making allowances for the vast amount of geographical information unknown to them.  They were not the most well-travelled society in antiquity, but they were able to turn their geographic experience into formal knowledge. Their contributions to mathematics and science is closely mirrored, and in many ways represented by, their cartographic advancements.

THE MIDDLE AGES
As we have seen, developments in mapping through antiquity closely resembled the broader intellectual developments of human civilization. Then it is not surprising that during the middle ages, cartography suffered as much as any other discipline from a general repression of thought and culture. Western scientific pursuits were stripped of initiative and independence of thought which they enjoyed under ancient Greece's domain; in fact, the contributions of the Greeks at this time were vigorously shunned and looked down upon.
  Attention shifted to theological concerns and church dogma prevailed over math and science.

Cartography, like other scientific studies, changed drastically. Geographical experience could not meld with religious teachings, and a reversion to figurative maps resulted.
  Greek science initiated the acceptance of a spherical earth, but during the medieval period, the world was variously represented as an ovoid, rectangle, and other irregular shapes.
  The most common world map at this time was the "T-O" map, so named because of it's circular depiction of three major landforms separated by water to form a T shape (figure 2.) Jerusalem was located at the center of the map, a prerequisite of Christian theology. Asia is located at the top of the map, giving rise to the term "orientation" which we still use today when describing a map. World maps of climatic zones were also popular at this time, but it must be stressed that such maps were not created for the advancement of scientific climate studies, but rather to investigate the extents of possible human occupance for theological purposes.

A modified form of the T-O map could be found in many European churches during the middle ages, often serving as altarpieces. Perhaps the most famous and typical of these "mappaemundi" is the Hereford World Map (late 13th century). This map was regarded as a "secular and sacred summary of geographical lore", portraying mythical creatures and abnormal people, and was meant to inspire followers via inspirational pictures. The feature of the Hereford map which most conveys theology's domination over mapmaking is the exquisite design of its border which strongly resembles the most ornate and architecturally grand gothic cathedrals of the period 
 (figure 3.)  It is common in the middle ages to find such examples of imagination and artistic indulgence minimizing the portrayal of scientific knowledge. A medieval map provides a perfect summary, then, of the state of western civilization at the time.

Though western intellect suffered during this time, it was flourishing in other places, especially the middle east. Islamic cartography greatly benefitted from its discovery of Ptolemy's maps in the 10th century.
  The Muslims were quick to utilize Ptolemy's accurate work to further their conquest, administration, proselytizing, and trade, and used Ptolemy's ideas of map projecting to create their planispheres and celestial charts. The presence of Islam as one of the world's primary religions today can be attributed to the spread of Muslim culture through prudent administrative use of maps. World maps, military maps, itineraries, urban views, and religious maps can all be found in Islamic cartography during this time.
 

At the end of the 13th century, the knowledge of the magnetic compass had found its way from China to Europe. This led to the development of Portolan charts (from descriptions found in "pilot books") out of southern Europe, and initiated great progress in marine mapping and navigation.
  For cartography, this period was thankfully the "beginning of the end" of medieval thinking. The beginnings of smaller scale mapping came about through sea navigation, and shorelines were the primary focus of Portolan charts. This is why a casual observer of older maps might be surprised to discover that so little was known geographically about the world even though the outlines of the continents were fairly well depicted. It also illuminates the colossal importance of oceans to the spread of human civilization throughout history. It would not be until much later that inland continental areas were considered important enough to map. Portolan charts set the stage for the great exploratory period during the Renaissance and beyond.

THE RENAISSANCE
It is perhaps not a coincidence that the rebirth of intellectual and artistic thought marking the beginnings of the Renaissance occurred in southern Europe at a time when Portolan charts were greatly expanding the horizons of mariners from that region. The following centuries saw extraordinary global exploration and conquest by Europe as trade and commerce engulfed the planet.
  The map as an expression of scientific intellect or religious dogma was transformed into a vehicle by which Europeans carried out their sovereign intentions. The age of exploration had begun, and more knowledge of the world increased the demand for more accurate cartography.

As refugees fled the invading Turks out of Istanbul in the 1300s, they took with them the geographic works of the ancient Greeks, including Ptolemy's Geography. This work eventually found its way to Italy and was translated into Latin. Free of theological medieval shackles, European scholars realized the superiority of Ptolemy's maps over even their best mappaemundi, and his work quickly became the measure against which all subsequent geographic discovery rested.

Extensive exploration of the world outside of Europe began in the early 1400s with the use of Portolan charts by the Portuguese. They explored and mapped the northwest coast of Africa, but the long held fear of the "habitable zone" limits (from ancient Greece) delayed the extent of southern exploration for some years. But fantastic imagination did not always impede geographic exploration. In fact, the elements of imagination and curiosity of the unknown has long been an impetus toward the expansion of the "known" world.
 The voyages of Christopher Columbus are an example of this.

In 1492 the German cartographer Martin Behaim finished building a globe which portrays the distance across the Atlantic as relatively narrow. It is very likely that Columbus had seen Behaim's prototype before his historic journey.
  The Portuguese explorer was also influenced by erroneous maps showing several islands scattered across the Atlantic, which he intended to use as stepping stones to Asia. Even the name of the new continent can be attributed to a mapmaker's pen. It was cartographer Martin Waldseemuller who hastily affixed the name "America" on his Ptolemaic world map in 1507 after reading accounts of Amerigo Vespucci's voyages there.
  A Ptolemaic world map printed in Ulm, Germany in 1486 convinced many explorers that no sea route existed to the south of Africa by depicting a "closed" Indian Ocean.
  In fact, errors on maps have always played a role in stimulating exploration of the world.

After the first European maps of the New World were drawn, it was soon realized that the projectionless Portolan style of mapping would no longer suffice  --  differences in scale between Old World and New World maps were problematic. In some cases, this cartographic deficiency gave rise to international friction. In 1524 when Spain and Portugal met to divide new and old world holdings, they failed to come to an agreement because there was no consensus on scale or the establishment of a common meridian.
  Hence, the first half of the 16th century saw an increase in map projections, mostly round and oval shaped. When the world was small, there was little need for map projections, but when larger areas needed to be mapped together, they became essential. The puzzle of how to accurately depict the spherical earth on a flat surface is one that cartographers are still attempting to solve.

Gerardus Mercator's popular and practical map projection (1569) was made specifically for navigation purposes, fulfilling the needs of the time, and provides an excellent example of a map's value over a globe in terms of being used for a specific purpose.
  Unfortunately, Mercator's world map is a good example of how different projections are often used less than desirably in geographic expression.

In keeping with the spirit of the Renaissance, the evolution of cartography as an art form during this period was significant. Leonardo da Vinci engaged himself in cartography, as did Albrecht Durer, the inventor of etching.
  Comparing medieval maps and Renaissance maps, it is obvious that more artistic creativity was put into the latter (figure 4), although art as dictated by religious doctrine was prevalent on the former.

For Europeans the Renaissance was an exciting time to be alive. The amount of new lands to be explored and discovered was staggering, and required cartography to expand to new levels of accuracy. The European power that possessed the most accurate and up-to-date map of the world had a distinct advantage. Unfortunately, the motives behind the intense exploration of the world at this time were often not morally desirable; the rapacious, military and imperial implications cannot be denied.
  New discoveries and maps at that time had less intellectual impact than we would like to think, and it was not until the latter years of the Renaissance and the advent of the printing press that people began to appreciate the cultural and intellectual value of this mass of spatial information. But the important thing to realize is that for the first time, maps were focussing on portraying the accurate and relative locations of places.

THE AGE OF ENLIGHTENMENT
The 17th and 18th centuries proved to be as vital to the development of cartography as the Renaissance era, but in a different way. Many new mapmaking techniques were invented during these centuries, ingenious new visual methods employed, and the foundations for modern mapping were laid. The multidisciplinary nature of mapmaking blossomed during these centuries and the development of cartographic techniques reflects the spectacular increase in scientific activity. Exploration continued, though not in the dramatic fashion seen during the Renaissance. 

The development of the printing press started an era in which maps were made available to more and more people. Although initially developed in the mid-1400s, printing was not refined enough until the mid to late 1500s to enable a large population to possess maps. In fact, until the 16th century, cartographic knowledge was only accessible to powerful state figures, well-to-do scholars, and navigators.
  The development of mid-scale cartography and the printing press ushered in the "age of atlases". In the late 16th and early 17th centuries, atlas publishing became a lucrative trade.
  It was at this time that maps began to arouse questions amongst educated people regarding the nature of the earth, and on a practical level, promoted commerce.
  

The emphasis on scientific observation and accuracy instilled by astronomers and mathematicians such as Galileo and Copernicus in the 1600s had a great impact on all of science, including cartography. Galileo's work was particularly responsible for the favorable attitudes toward science at this time, which led to the formation of many scientific societies. He was an astronomer and cartographer, and made the first lunar maps in 1610. His maps showed an irregular, scarred, and "imperfect" celestial body and caused a stir in theological circles at the time.

Edmund Halley, a man more associated with the famous comet, was an influential mapmaker at the end of the 17th century. He was one of the first scientists to illustrate his theories cartographically, a practice which is so common today it is often taken for granted.  His map depicting the directions of prevailing winds in 1686 was the first meteorological chart, and in 1701 he made one of the first maps to use isolines when he drew lines of equal magnetic declination to show compass variations. He also made the first predictive map of a lunar eclipse across England in 1715.

For the purposes of our discussion it is perhaps more important to mention Halley's impact upon cartographic techniques. He was not the first to make thematic maps, but added a wealth of originality and creativity to this type of map which is designed to illustrate a specific phenomena. Halley realized and utilized the fact that different projections were more appropriate than others to show certain kinds of information, and did not clutter his maps with decorations and mythical creatures.
  For the first time, maps were portrayed with a certain scientific credibility and focussed on the data presented. 

Giovanni Cassini is another notable figure in the cartography of the late 17th century. He attempted to display all of the then-current geographic data in existence on his "planisphere" in 1696. This is notable because he did not add a location unless its exact position had been determined astronomically.
  Up to this time, locations and names on world maps had come to cartographers by word of mouth and traveller's tales, a method with much obvious room for error. 

Like thematic mapping, cadastral mapping gained popularity in the 1700s. By listing property owners and mapping their landholdings, cadastral maps fit the obvious economic and political requirements of governments and developed in an atmosphere of increasing nationalism and colonialism.
  Its value to administrators and governments was realized soon after its inception in the late 1700s. Topographic mapping, which depicts the exact physical configuration of a place on a flat surface, grew out of an increasing need to represent landforms in a more quantitative and planimetrically correct fashion. Improving upon the various techniques used in topographic depiction starting in the late 1700s has posed perhaps the greatest artistic challenge to cartographers.

Cartography is also indirectly responsible for the creation of the meter as the standard unit of measure. In the late 1600s, Newton's assertion that the earth was slightly ellipsoidal was accepted, and it was reasoned that a 1 length of meridian arc must be longer at the poles than the equator.
  It was the French who then defined the standard meter as 1/10,000,000 a quadrant of a meridian, and various countries accepted the metric standard as their unit of measure thereafter.

The efforts of the 17th and 18th century mapmakers laid the foundations of modern cartography. Although emphasis was still put on place, distinct attention was now being given to space. Cartography was beginning to concern itself more with spatial extents and variation of features.

19TH CENTURY CARTOGRAPHY
The 19th century was a period of great diversification in cartography as well as a continuation of technical refinement. This period marks the beginnings of an explosive splintering of geography which has continued, for better or for worse, to the present. Such diversification typifies science in general during the 19th century. Exploration continued as European powers developed an enormous worldwide presence; in 1800, 35% of the world was controlled by Europe and by 1914 that figure was 85%.
  With the growth of geographic thought in terms of national planning, further attention was given to thematic and statistic mapping techniques.
  Improvements on the printing process continued, further accelerating the production of maps and reducing their cost.

If the 17th and 18th centuries can lay claims on the foundations of modern cartographic techniques, then the 19th century surely laid the foundations for modern cartographic thought. The two founders of modern geography, Alexander von Humboldt (1769-1859) and Karl Ritter (1779-1859), were both involved in map production. Ritter was a great teacher in geography  and exercised his teleological beliefs in his scientific endeavors. Science, according to Ritter, should be an attempt at uncovering the basic laws that lead to "God's design."
  His innovative cartographic works include the familiar method of tonal variation applied to elevation depiction.
  Humboldt, on the other hand, was more concerned with the physical environment than theology. He made great contributions to climatology, developing a map of isotherms (lines of equal temperature) in 1817 which illustrated temperature variation patterns on different sides of mid-latitude continents.
  His theories investigating the relationship between "land and man" were derived from his cartographic observations, and his exotic exploits in far away places coupled with his excitement for his vocation greatly popularized geographic science. Humboldt, and to a lesser degree Ritter, demonstrated the use of maps as instruments for specialized research, a further refinement of Halley's practices in the 18th century. Ritter's theological philosophies and Humboldt's interest in the physical environment symbolize the transition period between classical geography and modern geography, respectively. The simultaneity of their lives and their deaths in 1859 is widely regarded as the end of one geographic era and the beginnings of another.
 

The United States still depended largely upon Europe for scientific expertise throughout the 1800s. American cartographic trends during this time were a few steps behind those in Europe and were typified by administrative and cadastral maps. Division and settlement of the vast, newly inherited continent was a monumental task and prompted the creation of federal mapping agencies and exploratory expeditions.
  The exploitation of the North American continent was another case of acquisitive military expansion. Like societies before it, this young nation's early success was in many ways attributable to it's effective use of maps. Legendary American explorers such as Meriwether Lewis, William Clark, and Ferdinand Hayden were all skilled surveyors and cartographers, mapping landscape processes in the interest of settlement and future administration, and to a lesser extent in the interest of science. The maps, sketches, engravings, and other products of their expeditions are distinctive works of art, showing the landscape with commendable scientific accuracy.
  The limited but existent acquisition of cartographic knowledge for the sake of science was evident in the creation of the United States Geological Survey (USGS) in 1879 as the official mapping agency of the United States. Its stated purpose was " ... to make a systematic study of the geology and natural resources of the United States ... and to classify public lands."
  It should be noted how the USGS differed from its European counterparts which focussed mainly upon military and administrative uses of maps.

The fact that even limited scientific purpose had developed by the latter half of the 1800s in American cartography showed that it was on its way to "catching up" with Europe in this field. Whereas America was concentrating on mapping itself during the 19th century, Europeans from many disciplines outside of government were utilizing cartography toward a variety of applications. Henry Drury Harness, an administrator and railway commissioner, developed the use of quantitative flowlines and graduated circles to map demographic densities in Ireland in 1837.
  Nils Frederik Ravn, a naval officer, used isolines to portray social and cultural (as opposed to physical) phenomenon on his 1857 map of Denmark.
  The English doctor John Snow mapped cholera deaths in London in 1855. The spatial display of this data uncovered patterns which enabled him to cease the spread of the disease.
  The map as a tool for weather forecasting was developed in the 19th century, and mathematicians contributed to cartography by developing map projection theories. Germany established the first university departments devoted to the instruction of geography as a distinct discipline in 1874.

Global exploration continued in the 19th century. Little of it, however, was done as a means to secure lands for settlement so much as it was a sort of nationalist competition. For example, the south pole was reached and mapped in 1840, and the source of the Nile was mapped during the 1850s. By the end of the century, accurate charting of all the continental coastlines was completed and the interiors of continents (particularly Africa and Australia) were explored, thanks in part to the exploratory interests of various geographical societies.  

The case of Africa provides an excellent example of not only the haughty European attitude towards other peoples and cultures, but the profound impact that maps have had on the recent history of the developing world. By the 1870s, most of Africa had been explored and "claimed" by various European countries. European colonial powers met in Berlin in 1884 and divided up the African continent into the countries we know today.
  Boundaries were in many cases completely arbitrary, based on the whims and agreements between men who had never even seen Africa. Tribes were divided up, migration routes closed off, and hostile societies were thrown together; only in rare cases were tribal boundaries retained as national boundaries. This has been Africa's undoing. The argument can easily be made that much of Africa's strife and suffering over the past century can be traced back to those lines drawn on a map in 1884. The fact that most African national boundaries run directly inland, perpendicular to the sea coast, is another colonial legacy. This phenomenon can be seen on most continents and is a relic from the days of maritime exploration when colonial centers were but strips of coastline.

At the end of the 19th century, Europe still led the scientific world in terms of innovation and development, but the young United States was positioning itself toward becoming a global presence.

CARTOGRAPHY IN THE 20TH CENTURY
The past 100 years have brought amazing and sometimes overwhelming changes to the way science is carried out. Like other disciplines, cartography has benefitted immensely from this century's abundance of technological innovation. The magnitude of each new mapmaking technology creates a greater impact upon cartography than the last, an assertion that often holds throughout science.
  Moreover, as the rate of technological change is accelerating, the future of cartography is likely to become even more multidisciplinary and practical. Geography has grown in the 20th century and has seen tremendous diversification amongst its many fields. The fascinating evolution of academic geographic trends from the early 1900s to the present provides an appropriate context in which to review the development of modern cartography. 

Humboldt's interest in "land and man" in the 1800s was a foreshadowing of things to come; this intellectual path surfaced again during the first third of the 20th century.
  However, this new treatment of the relationship between humans and their natural environment changed the nature of mapmaking in the sense that more attention was being paid to the spatial representation of not just physical, but environmental processes as well. The application of aerial photography towards mapping ("photogrammetry") played an important role in this trend. As early as 1858, plate cameras were hoisted on kites and balloons to capture images of the landscape, but it was not until the airplane was employed for this purpose in 1909 that systematic topographic mapping was effectively undertaken.
  The ensuing ease of accurate large scale mapping made observation of human-environment interaction easier than ever. Studies of natural resources, soil conservation, and land reclamation are all based upon information shown on accurate topographic maps made possible by photographic methods.
  Views of the landscape from the air also inspired artistically creative cartographic methods such as shaded relief, various three dimensional effects, and use of color shading (figure 5.) Germany's early military applications of remote sensing techniques (by fitting cameras on an artillery shells in 1910) gave it a distinct wartime advantage during the first half of the century.
  

Photogrammetry has greatly affected international cartography. Views of the landscape with no boundaries or manmade divisions have influenced political philosophies and partially inspired the "International Map of the World" (IMW) project. Originally proposed in the late 1800s, the 1:1,000,000 IMW project has continued through the 1900s but has never been completed. The history of this mammoth cartographic endeavor provides a telling glimpse into global relations. The very fact that it ever existed is a testament to the positive ways in which mapmaking can unite different nations. The IMW has been a vehicle for international cooperation in the 20th century. Up until this time, mapping was done largely for the benefit of individual sovereign states. However, problems leading to it's incompletion, such as disagreement over standards and nations' secrecy over their maps, highlight the presence of  international friction over the years.
  Interestingly, a similar mapping endeavor, the "World Aeronautical Chart" (WAC) has been completed and is in used today by international aviators.

The compilation of national surveys has become more common in the 20th century. European governments had long since conducted surveys of their countries, but photogrammetry has enabled most developed countries to have highly accurate map collections of their territories.
  Such national atlases are often expressions of national pride and patriotism, and a symbol of the development attained by a country.

Between 1930 and 1950, cartographic innovation continued to play a role in the development of geographic thought by promoting the regional studies tradition. "Regionalism" prompted many scholars to classify the world into distinct areas.
  It is difficult to imagine a better way to express areal classifications than with a map; without cartography, regional expression would hardly be possible. Out of regional thought emerged a myriad of classifications pertinent to many disciplines, such as vegetation regions, cultural regions, and  geologic regions.
  The emergence of many of these disciplines can be attributed in part to regional geographic thought and its associated cartographic representation.

Maps have played a role in international conflict and military conquest in the 20th century. As in any war, the success of military maneuvers in WWII depended largely upon an army's judicious use of up-to-date maps. But maps have been militarily influential in other ways as well. For example, the Nazis used maps as persuasive propaganda tools to solidify support and to mislead their enemies.
  Indeed, the authority and sense of power that can be displayed by a well constructed map or globe is remarkable. Other persuasive uses of maps can be seen throughout history (recall that during the Middle Ages, maps were used to illustrate and inspire religious beliefs.) If there is a good side to war, it is the fact that it often creates an atmosphere of rapid scientific progress and invention. For instance, the development of radar during WWII led to subsequent developments in remote sensing techniques for making maps.
 

After the middle of the century, the "spatial tradition" took hold as the prominent trend in academic geographic thought. Scholars became more interested in the way specific phenomena changed from place to place. Such thinking was prompted by innovative mathematical and statistical analysis, and was based upon boundary-defined areas which fit into a precise, structured organization.
  Again, spatial depictions provided by maps were vital in the expression of this academic trend. Geography in the 1960s found itself becoming a more abstract and theoretical science.
  The importance of perception became the focus in much geographical research as academics considered how the "real world", as constructed by the human brain, is tempered by one's personal views and perceptions. Part of these perception studies investigated how maps and map symbolization influence one's perceptions in geography.
  These prominent trends of the 1950s and 1960s contributed to a continually growing list of sub-disciplines that continue to be major facets of geography to this day.

The 1960s saw another milestone in technical cartography. Remote sensing on a very small scale became possible with the advent of satellite technology. Although this technology provides only images, it can be used to create extremely accurate maps. Weather mapping was the first field of cartography to benefit from this new technology, after weather satellites were launched in 1964 and 1966.
  By 1972, continuous surveillance of the entire surface of the earth was taking place, bringing mapmaking methods into the sphere of international political and security issues. Extraterrestrial cartography was refined in the 1960s, with detailed mapping carried out of the moon's surface both from improved optical technology and the lunar missions during that decade.

Both the 1960s and the 1970s saw a great increase in the amount of research put into thematic mapping. As geographic thought in general addressed more diverse themes and was aimed toward the issue of "quantity in space", thematic maps were especially valued as a research tool. Different traditions had become more complimentary as academic geography began to seek a synthesis of the physical and human environment in its methods.

The most significant event in science and perhaps for humanity in general during the 1980s and 1990s has been the development of computers. Computers, together with advancements in satellite and space technology, have instigated a revolution in cartographic techniques. Computers can now perform statistical and plotting routines to create highly accurate maps which even a few decades ago would have taken years to compile. In a sense, cartography has metamorphosed into Geographic Information Systems (GIS), which extends the spatial organization of information to even more disciplines. Though highly computerized, mapmaking is still as much as an art form as it is a science (see figure 5); only the medium by which the map is created has changed over the years. Cartography continues to be utilized by more disciplines as computer mapmaking programs have become available to the general public. The impact of computers on cartography is colossal; the only other event in history that had anywhere near the same effect was the development of the printing press.
 

As previously noted, geographical societies were established by the turn of the century and have contributed greatly to the sub-fields in the discipline. Not only do these societies provide a vehicle for communication and collaboration among academic geographers, they also define the distinction between private and governmental research.  The Association of American Geographers (AAG) has featured cartography in it's journals over the years, and an analysis of it's treatment of cartography reveals how this sub-field fits into 20th century geography as a whole.

The AAG was founded in 1904 as a means of providing professional fellowship amongst American geographers.
  It quickly became a leading academic journal in geography and has garnered much respect from professionals over the years. From its inception, the AAG has reflected the wide and changing scope of geography. The early years of the annals primarily covered physical geography and its relation to man, in keeping with the trends at the beginning of the century. However, it was not until 1927 that the annals published any academic papers dealing with cartography.  This is probably due to the fact that there were simply few papers published back then; between 1913 and 1923, the annals averaged only six or seven papers per year. Hence, it is instructive to note not only the number of cartography related papers published in the annals over the years, but also their percentage relative to all papers published (figures 6 and 7.)

The trends in AAG cartography papers relate only generally to 20th century traditions in geography, but are nevertheless enlightening. Between the 1950s and the early 1970s, for instance, the number of cartography-related papers appearing in the annals were at a century-high level. This can probably be attributed to the popularity of the spatial tradition --  the

technical sub-field of cartography lent itself well to theoretical and abstract analysis. However, we see from figure 7 that the percentage of cartography-related papers compared to all others has steadily fallen throughout the century. This is probably not so much the result of less interest in cartography as it is an effect of the large numbers of papers appearing in the annals from an ever-increasing number of geographic sub-fields. The drop in the number of cartographic papers after the 1960s was likely caused by the introduction of many specialized cartographic journals during that decade (figure 8.) The existence of such journals has greatly benefitted cartography.

As mentioned before, the 1960s and 1970s saw an explosion of pluralism in geography. During the 1970s the AAG suffered from this increasing fragmentation as members began to drift toward other associations more applicable to their diverse needs. As a response, the 

organization created "specialty groups" in 1980 which enabled members to remain within the AAG yet focus on specialized areas.
  The cartography group has always been supported (figure 9) and has nearly doubled its membership since its inception, although its percentage of specialty group members has decreased. A possible reason for this may be that GIS, closely related to cartography, was given it's own group in the early 1990s and today is by far the largest.
  Note also that the number of specialty groups has more than doubled since 1980.

The treatment of cartography by the AAG during the 20th century shows how this field has retained its importance within the view of geography's diversifying scope. The attention paid to so many different sub-fields by the AAG shows how the intellectual traditions of geography in the 20th century have been more complimentary than in previous centuries. 

The importance of cartography to the evolution of human civilization throughout history should not be underestimated. Maps have played a significant role in more historical events than many realize and often provided the impetus for monumental discoveries and inventions. From the earliest records of human societies (which are often maps themselves) we find evidence of the natural human tendency to depict the world on a map. Cartography is unique throughout history in that it has always blended art and science in a practical fashion. A map often provides the historian with a snapshot into the minds and attitudes of a particular culture at a certain time. That cartography has been practiced by mathematicians, statesmen, doctors, astronomers, artists, and those in other vocations attests to the truly multidisciplinary nature of the field.  The arrival of the 21st century is an exciting time for cartography, as advancing technology will continue to push the field toward new levels of accuracy and practicality.
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