
MAP PROJECTIONS 
A map projec tion is simply a system for displaying the curved 
surface of the Earth as a flat image, such as on a sheet of paper or 
computer scree n. The definition is easy; the process is more dif­
ficult. No matter how one tries to "flatten" the Earth, it can never 
be done in such a fashion as to show all Earth details in their cor­
rec t relative sizes, shapes, distances, or direc tions. Something is 
always wrong, and the cartograph er's- the mapmaker's- task is 
to select and prese rve those Earth relationships important for the 
purpose at hand and to minimi ze or accept those distor tions that 
are inevitable but less important. 

Round Globe to Flat Map 
The best way to model the Earth 's surface accurately, of course, 
would be to show it on a globe. But globes are not as convenient 
to use as flat maps and do not allow one to see the entire surface 
of the Earth all at once . Nor can they show very much detail. 
Even a very large globe of, say, I meter (nearly 3 feet) in di­
ameter, compresses the physica l or cultural information of some 
130,000 square kilometers (about 50,000 sq mi) of Ear th surface 
into a space 2.5 centimeters (I in.) on a side. 

Geograp hers make two different demands on the maps they 
use to represe nt rea lity. One requirement is to show at one glance 
genera lized relationships and spatial content of the entire world; 
the many world maps used in this and other geogra phy textbooks 
and in atlases have that purpose. The other need is to show the 
detailed content of only portions of the Earth's surface-c ities, 
reg ions, countries, hemispheres- without reference to areas out­
side the zone of interest. Although the needs and problems of 
both kinds of maps differ, each starts with the same requirement: 
to transform a curved surface into a flat one. 

If we look at the globe directly, only the front- the side fac­
ing us- is visible; the back is hidden (Figure A.I ). To make a 
world map, we must dec ide on a way to flatten the globe's curved 
surface on the hemisphere we can see . Then we have to cut the 
globe map down the middle of its hidden hemisphere and place 
the two back quarters on their respect ive sides of the already vis­
ible front half. In simple terms, we have to "peel" the map from 
the globe and flatten it in the same way we might try to peel an 
orange and flatten the skin. Inevitab ly, the peeling and flatten­
ing process will produce a resulting map that either shows tears 

-Figure A.1 An orthograp hic projection gives us a visually realistic 
view of the globe; its distortion toward the edges suggests the normal 
perspec tive appearance of a sphere viewed from a distance. Only a single 
hemisphere-o ne half of the globe--ca n be seen at a time, and only the 
central portion of that hemisphere avoids serious distortion of shape. 

or breaks in the surface (Figure A.2a) or is subject to uneven 
stretching or shrinkin g to make it lie flat (Figure A.2b). 

Projections-Geometrical 
and Mathematical 
Of course, mapmakers do not physica lly engage in cutting, pee l­
ing, flattening, or stretching operat ions. Their task, rather, is to 
construct or project on a fl at surface the network of parallels and 
merid ians (the graticule) of the globe grid (see Section 1.2). The 
idea of projections is perhaps most eas ily visualized by think­
ing of a transparent globe with an imagined light source located 
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(a) 

Figure A.2 (a ) A careful "peeling" of the map from the globe yield s 
a set of tapered "go res" that , although individua lly not showin g much 
stretching or shr inking, do not collectively resu lt in a very usefu l or 
understand able world map. (b) It is usually co nsidered desirable to 
avoid or reduce the number of interruptions by depic ting the entire 
g loba l surface as a single flat ci rcular, ova l, or rec tangular shape . 
That continuity of area, however, can be achieved only al the cost of 
considerab le alterat ion of true shapes, distances , direc tions, or areas. 
Although the homo lograp hic (Mollweide) proj ec tion shows areas 
correc tly, it distorts shapes. 

Source: Am erican Congre.'i,\' Sur veying mu/ Mappin g, "Choosing a World Map ." Special 
Publi cation No. 2 of the American Cartographic Associmi on, Bethe.win, Md. Published in 
1988 by CaGIS. 

inside . L ines of lat itude and longitude (or of coast lines or any 
other features) drawn on that globe will cast shadows on a nearby 
surface. A tracing of that shadow globe gr id would represent a 
geometrical map projection. 

In geometrica l (or perspective) project ions, the grat icule is 
in theor y visually transferred from the globe to a geometrical 
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figure, such as a plane, cylinder, or cone, which, in turn , can be 
cut and then spread out flat (or developed) without any stretch­
ing or tearing . The surfaces of cylinders, cones, and planes are 
said to be developable surfaces -cy linders and cones ca n be cut 
and laid flat without distortio n and planes are flat at the outset 
(Figure A.3). In actuality, geometr ical proj ectio ns are constructed 
not by tracing shadow s but by the app lication of geometry and the 
use of lines , circle s, arcs , and angles drawn on paper. 

The location of the theoretical light source in relation to the 
g lobe can cause signifi cant variation in the proje ction of the grat­
icule on the developa ble surfac e. An orthographic projection 
results from placement of the light source at an infin ite distance. 
A gnomonic projection is produced when the light source is 
at the center of the Eart h. When the light is placed at the anti­
pode- the point exact ly oppo site the point of tange ncy (point of 
contact between globe and map)- a stereographic projection is 
produ ced (Figure A.4). 

Althoug h a few useful and common projection s are based 
on these simple geome tric methods, most map des igns can only 
be derived mathematically from equation s involving angles and 
trigonometry developed for spec ific proje ctions. The object ive 
and need for mathematic al projections is to preserve and em­
phasize spec ific Earth relationships that cannot be reco rded by 
the perspectiv e globe and shadow approac h. The graticule of 
each mathemat ica l projection is order ly and "acc urate" in the 
sense of displaying the correct relative locations of lines of lati­
tude and longitu de. Each project ion scheme, however, presents a 
different arrangement of the globe grid to minimize or e liminate 
some of the distortions inherent in projecting from a curved to a 
flat surface. Every projecti on represents a compromise or devia­
tion from reality to achieve a se lected purpose, but in the process 
of adju stment or compromi se, each inevitabl y contain s spec ific, 
accepte d distortions. 

Globe Properties and Map 
Distortions 
The true propertie s of the globa l gr id are detailed in Sectio n 1.2. 
Not all of those grid realities can ever be preserved in any single 
projection; projection s invariably distort some or all of them. 
The result is that all flat maps, whether geometrica lly or math­
emat ica lly derived , a lso distort in different ways and to diffe r­
ent degrees some or all of the four main propertie s of actual 
Eart h surface re lation ship s: area, shape , distanc e, and direct ion. 
And as our d iscussion above suggeste d, we can also see tha t all 
projectio ns distort the Earth surface by showi ng a gap or break 
in what is actua lly a continu ously connected surface without 
interruptions. 

Area 
Car tograp hers use equal-area (equivalent) projections when 
it is important for the map to show the areas of regions in 
cor rec t or co nstant propo rtion to Earth rea lity-as it is 
whe n the map is intended to show the actual areal ex tent of 



-Figure A.3 The theory of geometrical proje ctions. The three common geome tric forms used in projec tions are the plane , the cy linder , 
and the cone. 
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Figure A.5 These three figures are all equal in area despite 
their different dimensions and shapes. 

Stereographic 

Light source 
at antipode 

~ 111111111111111111111111 
--Figure A.4 Th e effec t of light source locat ion on planar surface 
projec tion s. Note the variation s in spacing of the lines of latitud e that 
occ ur when the light source is moved. 

a phenomenon on the Earth 's surface. If we wish to co mpare 
the amount of land in agricultur e in two differe nt parts of the 
wor ld, for example, it would be very mis lead ing visually to 
use a map that represe nted the sa me amount of surfa ce area at 
two different sca les.1 To retain the needed size comparab ility, 

1Cartographic sca le is the rela tionship betwee n the size of a feature or length of a line on the 
map and that same feature or line on the Earth's surface. It may be indicated on a map as a 
ratio-fo r example. I : I .000,000-thai tell s us the re lationship be tween a unit of measure on 
the map and that same unit on the Earth's surface. In our example. I centimeter of map distance 
equals I million cent imeters (or 10 kilometers) of actua l Earth distance . See Figure 1.18. 

our chose n projec tion must assure that a unit area draw n any­
where on it will a lways represe nt the sa me numb er of square 
kilometer s (or similar unit s) on the Eart h's sur face . To achieve 
this equival ence, any sca le chan ge that the proj ect ion impo ses 
in one direc tion must be offset by co mpensating changes in 
the oppos ite d irection. As a res ult , the shape of the portrayed 
area is inev itably distorted . A square on the Earth , for exam ­
ple, may beco me a rectan gle on the map , but that rec tangle 
has the correc t area (Figure A.5 ). A map that shows correct 
areal relationships always distorts the shapes of regions, as 
Figure A.6a demo nstrates. 
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(b) (c) -Figure A.6 Sample proj ections demonstrating specific map properties. (a) The equal-area sinuso idal projec tion retai ns everywhere the property of 
equivalence. (b) The mathemati cally derived Mercator projection is confo rmal, displaying true shapes of individual fea tures but great ly exaggerating 
sizes and distorting shapes away from the equator. (c) A portion of an azim uthal equidis1anr projec tion , po lar-case. Distances from the center (Nort h 
Pole) to any othe r point are true ; extension of the grid to the Southern Hemisphere would show the South Pole infinit e ly stretched to form the 
circumfer ence of the map. 

Shape 
Although no projection can reproduce correct shapes for large ar­
eas, some do accurately portray the shapes of small areas. These 
true- shape proj ections are cal led conformal, and the importance 
of conforma lity is that regions and features "look right" and have 
the cor rect directional relationships. They achieve these properties 
for small areas by assuring that lines of latitude and longitude cross 
each other at right angles and that the scale is the same in all direc­
tions at any given location. Both these conditions exist on the globe 
but can be retained for only relatively small areas on maps. Because 
that is so, the shapes of large regions--c ontinents, for example­
are always different from their true Earth shapes even on conformal 
maps. Except for maps for very small areas, a map cannot be both 
equival ent and conformal ; these two properties are mutually exclu­
sive, as Figure A.6b suggests. Even on maps of very small areas, 
these two properties hold only approximate ly. 
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Distance 
Dista nce re lat ionships are nea rly always di stor ted on a map, 
but som e proj ec tion s do ma intain tru e d istan ces in one dir ec­
tion or a long ce rt ain se lecte d lines . Tru e distance relat ion­
ships sim ply mea n that the length of a straight line between 
two point s on the map cor rec tly represe nts the great circle 
distance between tho se point s on the Ea rth. (An arc of a 
grea t c ircl e is the shortes t di stance between two point s on the 
Eart h's cur ved sur face; the equator is a grea t c ircle and all 
meridia ns of long itud e are half great circles .) Proj ec tions w ith 
this prop erty can be desi gned, but even on suc h equidistant 
maps tru e di sta nce in all direc tions is shown only from one or 
two centra l point s. Distan ces betwee n all other loca tions are 
incorrec t and , quite likely, grea tly distorted as Figure A.6c 
clearly shows . 



-Figure A.7 A gnomonic projection centered on Washington, D.C. 
In this geometrical projection the light source is at the center of the 
globe (see Figure A.4), and the capital city marks the "standard point" 
where the projection plane is in contact with the globe. The rapid 
outward increase in graticule spacing makes it a projection impractical 
for more than a portion of a hemisphere. A unique property of the 
gnomonic projection is that it is the only projection on which all great 
circles appear as straight lines. 

Direction 

As is true of di stan ces, dir ect ion s between all points on a map 
cannot be shown wi thout di stortion. On azimuthal projections, 
however , tru e dir ections are shown from one cen tral point to all 
other point s. (A n azimuth is the ang le formed at the beginnin g 
point of a straight line, in relation to a meridian.) Directions or 
azi muth s from point s other than the central point to other point s 
are not accurate. The azimuthal prop erty of a proj ectio n is not 
excl usive-t hat is , an az imu thal projection may also be equiva ­
lent, co nfo rmal, or eq uidi stant. Th e az imuthal equal-di stance 
(equid istant) map shown as Figure A.6c is, as well , a true­
direction map from the sa me North Pole origin. Anoth er more 
spec ialized exa mple is the gnomoni c proj ec tion , di splayed as 
Figure A.7. 

Classes of Projections 
Alt hough there are many hundr eds of different projectio ns (and 
an infini te num ber of diffe rent project ions co uld be crea ted), the 
grea t majorit y of them ca n be gro uped into four primar y cla sses 
or familie s based on the ir orig in. Each family has its ow n distinc­
tive outlin e, se t of simil ar properti es, and pattern of di storti ons. 

Figure A.8 Shape consistencies within families of projections. 
When the surface of a cone, cylinder, or plane is made tangent-tha t 
is, comes into con1act with the globe-at either a point or along a 
circle and then developed , a characteristic family outline results. The 
tangent lines and point are indicated. A fourth common shape, the 
oval, may reflect a design in which the long dimension is a great circle 
comparable to the tangent line of the cylinder. 
Sourc e: Am erican Congress Sur veyin g anti Mappirrg. "Choos ing a World Map, " Special 
P11blicatio11 No. 2 of the Am erica n Carto gmphi c Assoc iario11, Bethesda , Md. Published in 
!988 by CaGIS . 

Three of them are eas ily see n as deriv ed from the geometric or 
persp ective proje ction of the g lobe grid onto the dev elopable sur­
faces of cy lind ers, co nes, and plane s. Th e fou rth cla ss is math­
ematically deriv ed; its member s have a variety of attribute s bu t 
share a genera l oval design (Figure A.8). 

Cylindrical Projections 
Cylindrical projections are deve loped geome tri cally or mathe­
mati cally from a cylinder wrapp ed around the g lobe. Us ually, the 
cy linder is tangent at the equator , which thu s becomes the stan­
dard line -t hat is, tran sferred from the g lobe without di stort ion. 
The result is a globe grid networ k with meridi ans and parallels 
intersec ting at right angl es . Th ere is no sca le di stortion along the 
standard line of tang ency , but d istortion incr eases wit h increas ­
ing di stanc e away from it. Th e result is a rec tangul ar world map 
with acce ptabl e low-lati tude represe ntation, but with enormou s 
area l exagg eration toward the poles . 

The mathematicall y deriv ed Mercator projection invented 
in 1569 is a specia l famili ar but co mmonly misu sed cylindri ca l 
projection (see Figure A.6b). Its sole or iginal purp ose was to 
se rve as a navigational chart of the world with the special ad­
vantage of showing tru e compass head ings, or rhumb lines, as 
straight lines on the map. That is, any straight line dra wn on a 
Merca tor projection will follow a cons tant co mp ass dir ec tion. 
For instan ce, one draw n from the lowe r lef t to the upper right 
would follow a nort heaste rly direction on the Earth sur face ; a 
ship cou ld follow thi s line by co nstantly headin g in the dire ction 
north eas t (as indi ca ted, for insta nce, by a magnetic compass). Its 
freq uent use in wall or book map s gives gros sly exaggera ted im­
pre ssio ns of the size of land areas away from the tropics. 

Th e equirectangular projection is a cy lindri cal proj ec tion 
that co nvert s the globe's meridi ans to equally spaced verti ­
ca l lines and its parallel s to equally spaced hor izo nta l lines. 
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The result is a rectangu lar map that rese mbles the Mercator pro­
je ction , but is neither equa l-area nor co nform al. Inter estingly, 
map services on the Web and globa l sate llite images generally 
use an equ irectangu lar projection despite the massive distor­
tion near the poles. Th e equirectangular project ion's popu lar­
ity stems from its mathematical simpli city. One version of the 
equir ectangular projection (called Plate Carree) simply sets the 
y-va lues equal to the latitud e and the x-va lues equa l to the lon­
gitude (Figure A.9a) . 

Equal-area alternati ves to the co nformal Mercator map are 
available, and a number of "comprom ise" cylindrica l projections 
that are neither equa l area nor conformal (for example, the Miller 
projec tion, Figure A.9b) are frequently used for world maps. 
The Robinson projection (Figure A.9f), used for many of the 
world maps in this textbo ok, is such a compro mise. Designed to 
show the who le world in a visually satisfactory manner, it does 
not show true distances or directions and is neither equal -area 
nor conform al. Instead, it permit s some exagge ration of size in 
the high latitudes in order to improve the shapes of landma sses . 
Size and shape are most accurate in the temperate and tropica l 
zones, where most peop le live. 

Conic Projections 
Of the three developab le geometr ic surfaces, the co ne is the clos­
est in form to one-half of a globe. Conic projections , therefore, 
are often employed to depict one hemisphere or smaller parts of 
the Earth. In the simple con ic projection , the cone is placed tan­
gent to the globe along a single standard parall el, with the apex 
of the cone located above the pule. The cone can also be made 
to intersect the globe along two or more lines, with a polyconic 
projecti on resulting; the increased number of standard lines re­
duce s the distortion, which increases away from the standa rd par­
allel. The projec tion of the grid on the cone yields evenly spaced 
straight-line mer idians radiati ng from the pole and parallels that 
are arcs of circles. Although con ic proje ctions can be adju sted 
to minimi ze distortions and become either equivalent or confor­
mal, by their nature they can never show the who le globe . In 
fact, they are most useful for and generally restricted to maps of 
midlatitud e regio ns of greater east-wes t than north-so uth exte nt. 
The Alber s equal-area projection often used for U.S. maps is a 
familiar examp le (Figure A.9c). 

Planar (Azimuthal) Projections 
Planar (azimuth al) projections are co nstruc ted by placing a 
plane tangent to the globe at a sing le point. Although the plane 
may touch the globe anyw here the cartog rapher wishes, the po­
lar case with the plane centered on either the North or the South 
Pole is eas iest to visualize (see Figure A.6c) . Thi s eq uidistant 
project ion is useful because it can be centered anywhe re, facili­
tating the correc t meas urement of distances from that point to 
all others. When the plane is tangent at places other than the 
poles, the mer idians and the para llels become curi ously cur ved 
(Figure A.9d). 

Planar maps are commonly used in atlases beca use they are 
parti cularly well suited for showing the arrangement of po lar 
land-m asses. Depending on the particular projec tion used, true 
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shape, equa l area, or some compromi se between them can be de­
picted. The specia l quality of the planar gnomo nic projec tion has 
already been shown in Figure A.7 . 

The perspective projection is a planar projection used in 
Goog le Earth and available in a variety of GIS software pack­
ages. The perspect ive projection depicts the Earth as it would 
appear when viewed from a finite distance above the Earth 's sur­
face such as from a space vehicle (Figure A.9e). 

Oval or Elliptical Projections 
Oval or elliptica l projections have been math ematically devel­
oped usually as compromi se projecti ons designed to display the 
entire world in a fashion that is visually accept able and sugges ­
tive of the curvature of the globe. In most, the equator and a cen­
tral meridian (usually the prime meridian) are the standard lines. 
They cross in the midd le of the map, which thus become s the 
point of no distortion. Parallels are, as a rule, para llel straight 
lines; meridian s, except for the standard merid ian, are shown as 
curved lines. In some instances the oval projection is a modifi­
cation o f a proj ection based on a different original shape. Some 
of the world maps in this textbook (for examp le, Figures 8. 12 
and 13. 19) are an oval adj ustment of the circular (but not azi­
muthal) Van der Gr inten projection, a comprom ise project ion 
that achieves acceptab le deg rees of equ ivalence and conformal­
ity in lower and midd le latitudes but becomes increasingly and 
unaccep tably distorted in polar regions. 

Other Projections and Manipulati ons 
The geometric projec tions, we have seen, can all be thought of as 
developed from the project ion of the globe grid onto a cylinder, 
cone, or plane. Many projections, however, cannot be classifie d in 
terms of simple geometric shapes. They are der ived from math­
ematica l formulas and usually have been developed to display the 
world or a portion thereof in a fashion that is visually accep table 
or in any shape that is des ired : ovals are most commo n, but hearts, 
trapezo ids, stars, and other-so metimes bizarre-fo rms have 
been devised for specia l purp oses. One often-seen projection is 
the equal-area Goode's homolo sine, an interrupted projection that 
is actually a product of fitting together the least distorted port ions 
of two different project ions {the sinusoidal projection and the 
Mollweide, or homologra phic, projection) and center ing the split 
map along multip le standard mer idians to minimize distortion of 
either (as des ired) land or ocea n surfaces (Figure A.IO). 

The homolos ine map clear ly shows how projec tions may be 
manipulated or adjusted to achieve desired obj ectives. Because 
mos t projec tions are based on a mathematically consistent render­
ing of the actual globe grid , possib ilities for such ma nipu lation are 
nearly unlim ited. R. Buckminster Fuller, an architect and des igner 
of the geodes ic dome, produced the Fuller dymaxio n projec tion 
(Figure A.11). It consists of 20 equilatera l triangle s, which can 
be hinged alo ng diffe rent boundaries to show interesting Earth 
relationships. The projection minimi zes distortion of the sizes 
and shapes of the world 's landmas ses. 

Map properties to be retained, size and shape of areas to be 
displayed , and overa ll map design to be ach ieved may infl uence 
the cartog raphe r's cho ices in reproducing the globe grid on the 
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Figure A.9 Some sample members o f the principal projection families. (a) The equirectangular projection is a simple cy lindrical projection. The 
version shown here was created by setting the x-value equal to the longitude and the y-value equal to the latitude. (b) The Miller cylindrical projection is 
also mathematically derived. (c) The Albers equal -area conic projection, used for many official U.S. maps, has two standard parallels: 29 112° and 45 112°. 
(d) A planar, or azimuthal, equidi stant projection centered on Urbana, Illino is . (e) The perspective project ion is a planar projection that simulates the view 
from space . (j) The Robinson projection of the oval family; neither conformal nor equivalent, it was designed as a visually satisfactory world map. 
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Figure A.10 Goode 's interrupted homolosi ne gra fts an upper latitude homo logra phic (Mo llweide) onto a sinusoidal projection at about 40" North 
and South. To improve shapes, each cont inent is placed on the middl e of a lobe approxi mate ly cente red on its own central meridian . The projectio n 
can also interru pt continents to display the ocean areas intact. 

Committee on Geographic Swdi es. Unfrersiry of Chicag o. All rights resen •etl. Used with permiss ion. 

-Figure A.11 The Fuller dymaxion project ion. The eq uilatera l trian gles can be folded into a so lid approx imating the globe. 

The Fulle r Projection Map desig11 is a trad emark of the 811ck111i11ster Fuller Institut e. © / 938, /96 7 & /9 92. All rights reserved. wwll'.bji.or g. 

flat map. Specia l effects and propert ies may also be achieved 
geometrica lly by adju sting the aspect of the projec tion. Aspect 
simply means the pos itional relatio nship betwee n the g lobe and 
the developable surface on which it is visually projec ted. Al­
though the fundame ntal distort ion pattern of a given projection 
system wi ll rema in constant , shifting the point or line of tan­
gency will mater ially alter the appearance of the gra ticule and of 
the geograp hica l features shown on the map. 

Although an infinite number of aspec ts are possible for any 
of the geometric projection s, three classes of aspects are most 
co mmon. Named acco rding to the relation of the axis of the 
globe to the cylinder, cone, or plane project ion surface, the three 
classe s are usually ca lled equatorial, polar, and oblique. ln the 
equatorial, the axis of the globe para llels the or ientation of the 
plane , cylinder, or cone; a para llel, usually the central equa tor, 
is the line of tange ncy. ln the polar aspec t, the axis of the globe 
is perpend icular to the or ientation of the deve lopable surface. In 
the ob lique aspec t, the axis of the globe makes an oblique angle 

472 Map Projectio ns 

with the orientat ion of the deve lopab le surface, and a comp lex 
arra ngement of the gra ticule results. 

A Cautionary Reminder 
Mapmaker s must be conscious of the propert ies of the projection s 
they use, selecting the one that best suits their purposes. It is not 
possible to transform the g lobe into a fla t map without distor­
tion. But cartographers have devised hundreds of poss ible mathe­
matica l and geometrica l projections in various modificat ions and 
aspec ts to d isplay to their best advantage the variety of Earth fea­
tures and relationships they wish to emphasize. Some projections 
are highly specialized and properly restr icted to a sing le limited 
purpose; others achieve a more genera l accep tabi lity and utility. 

If the map shows only a small area , the choice of a projec ­
tion is less cr itical because distort ion due to project ion decreases 
as map scale increases (i.e. , as the Earth surfac e area shown 



decreases)-v irtually any can be used. The choice becomes more 
important when the area to be shown extends over a considerable 
longitude and latitude; then the select ion of a projection clearly 
depends on the purpose of the map. As we have seen, Merca­
tor or gnomonic projec tions are useful for navigation. Unfortu­
nately, the Mercator project ion grossly exaggera tes the area of 
high latitude features, g iving a mislead ing impress ion when used 
for books or wall maps. If numerica l data are being mappe d, the 
relative sizes o f the area l units (countr ies, states, counties, and 
so forth) should be correc t, and equivalence is the sought-after 

KEY WORDS 

map prop erty. Conformality and equal distance may be required 
in other instances. 

Whil e selection of an appropriate project ion is the task of 
the car togra pher, understanding the consequences of that cho ice 
and recognizing and allowing for the distortions inevitable in all 
flat maps are the responsibility of the map reader. When skill ­
fully designed maps are read by knowledgeable users, they 
clea rly and acc urately convey important spatial information and 
Ear th relationships. 

aspect 
az imuthal project ion 
conformal project ion 

conic projection 
cylindrical projection 
deve lopable surface 

equidi stant 
equirectangular projec tion 

geometrica l projection 
gnomonic projection 

orthograp hic proj ection 

perspective projec tion 
planar (azimuthal) projec tion 
rhumb line 

equal-area (equivalent) projec tion 

great c ircle 
mathematica l projection 

Mercator proj ection 

standard Ii ne 

stereog raphic proj ection 
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Macedoniag 2. 1 I I 10 I 1.9 - 10% 12 1.5 17 13 14,480 57 507 73 77 80 78 

Malta 0.4 10 8 10 0.4 0% 5.7 1.5 14 19 35,720 96 4,459 80 84 92 98 

Monten egro 0.6 12 10 2 0.7 17% 3.5 1.6 18 14 17,090 64 6,873 74 79 90 90 

Portugal 10.3 8 II - 1 9.2 - 11% 3.2 1.4 14 2 1 29,990 64 906 78 83 12 1 117 

San Marino 0.03 8 8 5 0.03 0% 2.3 1.4 15 19 - 94 3,000 85 89 93 96 

Serbia 7.0 9 14 0 5.3 -2 4% 5.4 1.5 14 19 13,680 60 269 73 78 96 97 

Slovenia 2. 1 10 10 0 1.9 - 10% 1.8 1.6 15 17 32,360 50 1, 140 78 84 111 111 

Spain 46.6 9 9 2 44.4 - 5% 2.6 1.3 15 19 36,340 80 380 80 86 130 130 

OCEANIA 42 16 7 4 63 50% 20 2.3 23 12 33,668 69 87 75 79 103 98 

Australia 24.5 13 7 8 37. 1 5 1% 3.2 1.8 19 15 45 ,970 90 52 80 85 141 134 

Federated States of 0.1 22 6 - 13 0.1 0% 32 3.0 34 4 4,330 23 5,000 68 70 

Micronesia 

Fij i 0.9 18 9 - 6 I.I 22% 14 3.1 29 6 9,140 51 546 67 73 84 93 

French Polynesia 0.3 14 5 - 5 0.3 0% 7.5 1.8 24 7 - 56 12,000 74 78 

Guam 0.2 2 1 6 - 5 0.2 0% 10.6 2.9 25 8 - 94 20,000 76 82 

Kiribati 0.1 29 7 -4 0.2 100% 44 3.8 35 4 3,240 44 5,000 63 70 

Marshall Is lands 0.06 27 4 - 17 0.08 33% 22 4. 1 4 1 3 5,280 74 3,000 7 1 73 73 80 

Nauru 0.0 1 34 8 -8 0.01 0% 18 3.9 37 13 17,520 100 - 63 7 1 82 83 

New Caledonia 0.3 15 5 3 0.4 33% 12 2.3 24 9 - 7 1 4,808 74 80 

New Zealand 4.8 13 7 3 5.3 10% 3.6 1.9 20 15 37,860 86 814 80 83 113 120 

Palau 0.02 13 9 0 0.02 0% 12 2.2 2 1 7 14,740 88 2,000 70 77 96 95 

Papua New Guinea 8.3 28 7 0 14 69% 47 3.7 37 4 2,700 13 2,767 63 68 46 35 

Samoa 0.2 26 5 - 13 0.2 0% 17 4.2 37 5 6,200 18 2,500 72 78 81 90 

Solomo n Islands 0.7 29 5 -4 I.I 57% 26 3.9 40 3 2,150 20 3,500 69 72 50 47 

Tonga 0.1 24 6 - II 0.1 0% 20 3.6 36 6 5,760 24 556 70 76 86 94 

Tuvalu 0.01 25 9 -3 0.01 0% 10 3.6 33 5 5,920 61 - 67 72 76 97 

Vanuatu 0.3 27 5 0 0.6 100% 22 3.4 36 4 3,050 26 1,500 70 74 53 56 

(-) Indicate s data unavailable or inapplicabl e. 
a. Infant deaths per 1.000 live births. 
b. Average number of children born to a woman during her lifetime. 
c. The ratio of number of student s enrolled in seco ndary schoo l to the population ages I 2-l 7. Values may exceed I(){) when the secondary school population exceeds the size of the relevant 

age group. 
d. The status of Western Sahara is disputed by Morocco . 
e . Special Administrative Region. 
f. Kosovo declared independence from Serbia on Feb. 17. 2008. Serbia has not recog nized Kosovo 's independence . 
g. The former Yugos lav Republic. 

Table modified from the 2017 Wor ld Population Data Sheet prepared by the Popula tion Refere nce Bureau. 

20 17 World Popul ation Data 48 1 



t •. 

482 

CANADA, MEXICO, AND UNITED STATES 
REFERENCE MAP 




