Maps:  Useful, but Problematical Tools

(Student paper shared by Assistant Professor Lee Opheim with his cartography class in 1964.  The illustrations and the addendum were added in 1999, by J. Naumann.)

Centuries have passed since humans discovered that the earth was not a flat surface.  Since that time, humans have attempted to transfer, or project, points, lines, and shapes from the surface of the earth to the surface of a plane, and still retain the original shapes and positions as they exist on the earth.  An exception to this is when a map and a graph, one showing relative position, the other comparative importance, are combined in distorted maps, to show relative importance.1  An example of that type of exception is shown below.
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An obvious solution to the problem is to show the features of the earth on a globe, and produce the globe at various scales.  Unfortunately, a globe, even though useful for some purposes, is awkward for many others.  “Globes are relatively costly to make.  They are also relatively small.  Even so, they possess the disadvantage of being clumsy to handle and almost impossible to carry about.  Another shortcoming of the globe is that it never enables one to see all of the earth at one glance.  Nor does it enable one to see any one section of the globe in great detail.”2
If not a globe, then what?

For cartographers, map makers, the answer lay in developing what came to be called a projection.  A projection, is an orderly system of lines, on a flat surface, representing parallels of latitude and meridians of longitude, on which all or part of the earth may be portrayed.3  To explain briefly the theory of projections, imagine the earth as a large, hollow, glass sphere.  On its surface are parallels of latitude and meridians of longitude.  Given a place to stand and a source of light, shadows of these lines are projected upon a screen.  If the position of the light source is changed, the form of the shadows will change.  If, on the other hand, the shape of the screen is changed, the form of the shadows will again change.4
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It is this changing of position of the light source, sometimes called point of view, together with various shapes of screens, flat, cylindrical, or conical, which make the many types of projections possible.

One method of classifying map projections is based on this simplified theory.  Some projections have the point of view at the center of the sphere.  These are called gnomic projections.  Another group, the stereographic projections, have the point of view at a point on the surface of the hemisphere opposite that which is being projected.  Still another group, the orthographic projections, have the point of view at infinity.  Projections whose line sof latitude and longitude fall onto a plane surface are called azimuthal.  However, if the lines fall onto a cylinder which envelopes the sphere, the projection is cylindrical, and if they fall onto a cone or set of cones placed over a sphere, the projection is conic.
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This classification of projections gives an idea as to how a given projection is constructed and how it might look, simply by hearing its name.  However, more important than what a projection looks like, is the problem of what it can be used for.  Therefore, a different classification of projections, based upon their properties, is sometimes used.

Some projections are called conformal.  Such projections are so designed that areas and features on the map agree in shape with corresponding areas and features on the earth or a globe.  Conformality implies “same shape.” Therefore, since the meridians and parallels of the earth intersect at right angles, conformality exists only on maps whose meridians and parallels intersect at right angles.

Another form of projection, called equal-area is so designed that any portion of the map bears the same ratio the region it represents that any other portion does to its corresponding region.  That is, two areas on the earth will have the same relation to each other, in size, as the same two areas on the map.

The azimuthal projection is so designed that the directions of lines from the center of the projection agree with the directions, or azimuths, of the same lines on earth.

Thus, the grouping or classification of projections is purely arbitrary.  There is no set of projections with characteristics peculiar to only that set.  Some projections may be included under several classifications.  The following chapters will discuss the characteristics, construction, and use of projections which have been selected to illustrate all of the groups of projections mentioned in the previous classifications.
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There is no projection in use today that is both conformal and equal-area at the same time.  Often, projections are a compromise between these qualities.  Since either may be azimuthal, it would be ideal if all three conditions were satisfied in one projection.  But, such is not the case.  In fact, if it were at all possible to construct the ideal projection, it would have to satisfy all of the following conditions:

1. Areas must be represented in their true shapes and true relative sizes (conformal and equal-area).

2. Rhumb lines (lines of constant compass direction) must be represented as straight lines.

3. Great circles must be represented as straight lines.

4. A constant ratio between distance on the earth and the same distance on the map must be maintained (equidistant map).

5. Positions on the earth must be located with reference to altitude and longitude on the map; and, positions must be plotted on the map with reference to latitude and longitude on the earth.

6. It must be possible to construct the projection with reasonable ease and simplicity.

Except for condition two above, only a projection onto a globe will satisfy all of these conditions.  Concerning number two, a rhumb line, or loxodromic curve, is a spiral on the earth.

Fortunately, on some projections, the desirable qualities outweigh the defects.  Some projections are best suited for representing land areas of predominately east-west coverage; some, for north-south.  Some are best for polar regions, still others, for the equatorial belt.

Although detailed technical research has been done regarding map projections, very little has been written in such a manner as to be understood and used by geographers in their everyday work.  For a text that attempts to end this problem see:

Selected Map Projections by Lee A. Opheim in the St. Louis University essay collection.

Footnotes


1Chauncy D. Harris and George B. McDowell, “Distorted Maps, a Teaching Device,” The Journal of Geography, Vol. LIV (September, 1955), p. 286.


2George T. Renner, “The Globe and he Map” The Journal of Geography, Vol. XLVII (April, 1946), p. 446.


3Charles H. Deetz and Oscar S. Adams, Elements of Map Projections (Washington: U.S. Government Printing Office, 1945), p. 16.


4David Greenhood, Down to Earth: Mapping for Everybody, (New York:  Holiday House, 1951), p. 107.

ADDENDUM

Implied in the preceding paper is a problem which every map presents:  distortion.  Map projections cannot be made without some type of distortion.  Imagine, if you will, the task of slicing through a rubber basketball from top to bottom through 180( and trying to flatten it completely without producing any tears.  Imagine that the rubber could be stretched enough to do that.  Now, imagine further that the band name, Spaulding or Rawlings, is printed on the surface.  Once the ball has been completely flattened, notice that the brand name has been greatly distorted if it is somewhere near the edge, where much stretching occurred to produce a flat surface.  If the brand name happened to be at the center, much less stretching would be noticed because the least amount of stretching occurred there.  

[image: image5.png]Mollweide Equal-Area Projection of sphere



The commonly used Mercator projection (example on page 4) is an example of extreme stretching.  On a globe the meridians meet at a point at the North Pole and at the South Pole, but on a Mercator projection, they are parallel lines – that point has been stretched to the length of the equator.  [On the actual earth, the poles are immeasurable points and the equator is an approximately 25,000 mile-long circle.]  At the equator on a Mercator map there is no east-west distortion, but as one proceeds northward or southward towards the poles, the east-west distortion becomes increasingly greater.  An additional north-south distortion also exists on the Mercator map.  On the earth, one degree of latitude is a constant distance.  The number of miles between 10( N. latitude and 20( N. latitude is exactly the same as the number of miles between 60( N. latitude and 70( N. latitude.  On a Mercator map, the distance between 60( and 70( N. latitude is greater than the distance between 10( and 20( N. latitude.  On a Mercator projection, the features of the earth are increasingly out of proportion as one approaches the poles (the high latitudes).  This explains why on some Mercator world maps Greenland (in the high latitudes) appears to be as large as or possibly larger than South America and definitely appears larger than Australia (in the low latitudes).  If one were trying to accurately compare the areas of land in forest or wheat production the wrong conclusions might be drawn.  

The greatest amount of distortion occurs on maps trying to show the entire surface of the earth.  The Van der Gritten projection to the right shows extreme distortion in the high latitudes, particularly at the poles.  It is clearly evident in the southern hemisphere because there is a continent at the South Pole.  Antarctica is obviously show much larger than it is on the earth or a globe.  A map of only one continent would show less evidence of distortion, but would still have some.  A map of Missouri or Illinois would show the least amount of distortion of the three examples.  For a world map, the entire sphere has to be flattened.  For a continent map, only a part has to be flattened.  Imagine cutting out a six-inch square portion of the imaginary basketball alluded to earlier.  Flattening that part of the basketball is a much easier task involving much less stretching.  Making a map of a Missouri or Illinois would be comparable to flattening a piece of the imaginary basketball that is less than one inch square.
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Van der Grinten Projection of sphere within
a circle
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Denoyer’s Semi-Elliptical Projection t



The two projections shown below show some of the distortions a world map can exhibit.  In these projections, the greatest conformal accuracy is found near the equator where it perpendicularly intersects a meridian which is a straight line.  In each of these projections, there is only one such meridian, and it is in the center of the projection.  In the Hammer projection, the placement of North America in the center causes extreme distortion to Europe, Asia, Africa, and Australia. The worst distortion is the division of Eurasia into two parts at the opposite sides of the map.  The Denoyer semi-elliptical projection avoids the division of Eurasia by placing Western Europe and Western Africa near the vertical, straight-line meridian.  The greatest amount of conformity to the real shapes of continents is found near the intersection of the vertical meridian with the parallels, which are all straight lines and parallel in this projection.  By stretching the poles as parallels, instead of treating them as points, the Denoyer projection achieves greater shape conformity in the high latitudes of the northern hemisphere, but at the price of a greatly exaggerated Antarctica in the southern hemisphere.  The Denoyer is neither an equal-area projection nor a conformal projection.  It is, rather, a compromise between the two.
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Cartographers have found another method for combining achieving an equal-area projection which has moderately good conformity to real shapes.  In 1923, J. P. Goode at the University of Chicago combined the sinusoidal and the homolographic projections to create the Goode’s Homolosine Equal Area projection.  The two projections which were combined were both equal-area projections.  The sinusoidal did a good job of producing relative shape conformity in the lower latitudes, but distorted the high latitudes greatly. (The high-latitude distortion of the sinusoidal  projection is evident in the illustration to the right.) The Hololographic projection did a much better job of nearing conformity in the high latitudes.  Goode went one step farther by interrupting the projections to produce more than one straight-line meridian perpendicular to the equator so that the map would have more than one area where there was good conformity.
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Goode’s Homolosine Equal-Area Projection.” Continents interrupted to exhibit ocean areas



The two Goode’s projections below illustrate the benefits and the limitations of these compromises.  In the upper one, the land areas are equal-area and relatively conformal, but the ocean areas are divided.  By examining the curves of the map edges north and south of the equator, one can see what appears to be an indentation where the two projections were joined.  Dividing the oceans makes the map not well suited to studies of the oceans.  The second map (see page 9) provides a way to study the oceans as nearly whole units, but at the expense of dividing the land areas.


It is clear from the examples given that no map can be completely free from some type of distortion.  What is clear, though, is that the cartographer has many projections from which to select to best portray what it is the map is intended to portray.  It should also be evident that a cartographer could select an inappropriate projection to purposely mislead the catographically uninformed person.  For example, during the Cold War, a Mercator world map could be used to show the countries of the Communist Block and those of the “Free World.”  Such a map would cause the uninformed to think that the Communists controlled a much larger percentage of the earth’s surface than they did.  Someone wanting to convince Congress to increase defense spending might use such a map, knowing full well that it was not presenting an accurate picture of relative land areas.

An important lesson for the map user is that he or she should view maps carefully and critically before accepting the impressions created by them.  

The Hammer equal-area projection above shows its greatest accuracy in the central region where the only straight-line parallel perpendicularly intersects the only straight-line meridian.  The further one looks from that intersection, the greater the distortion.
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