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CARTOGRAPHY 

What is Cartography? 
 
 
Cartography is at the same time art and science, but we can 
consider also as “communication” and “analysis”. 
 
 
All studies and scientific operations, technical and artistic 
involved in mapping from the results of direct or documental 
observation. (International Cartographic Association) 



Map, Chart, Plant, Sketch and ... 
 
Map: Graphic representation, 
usually a flat surface at a certain 
scale, with the representation of 
physical and cultural accidents of 
the surface of the Earth, or a planet 
or satellite. The positions of 
accidents must be accurate, 
according generally with a 
coordinate system. It is also used to 
denote all or part of the celestial 
sphere surface . 
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Mapa, Carta, Planta, Croqui e ... 
 
Chart: Representation of natural and 
artificial aspects of the Earth, for the 
practical purposes of human activity, 
especially the precise evaluation of 
distances, directions and precise 
location, areas and detail; flat 
representation, generally in medium 
or large scale, a surface of the Earth, 
divided into leaves, systematically, 
following a national or international 
level. 
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Essential attributes 
 
Scale: Relationship between the measure of an object (or 
distance) shown on the map and its actual measurement. 
 
Projeção: tries to correct the issues related to the 
transformation of the spherical surface (the earth) a flat surface 
(paper). 
 
Symbolism: representation of objects and phenomena. 
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Earth Representations 

Geoid Plan 

Ellipsoid 
Spheroid 



Earth shape 

Geoide 

Elipsóide 

Earth Representations 



Name 
Equatorial axis: 

a  
(m) 

Polar axis: b (m) Inverse flattening 

Shpere (6371 km) 6 371 000 6 371 000 

Airy 1830 6 377 563.4 6 356 256.9 299.324 975 3 

Clarke 1866 6 378 206.4 6 356 583.8 294.978 698 2 

Bessel 1841 6 377 397.155 6 356 078.965 299.152 843 4 

International 1924 6 378 388 6 356 911.9 297 

Krasovsky 1940 6 378 245 6 356 863 298.299 738 1 

South American 1967 6 378 160  6 356 774.719 298.25 

GRS 1980 6 378 137 6 356 752.3141 298.257 222 101 

WGS 1984 6 378 137 6 356 752.3142 298.257 223 563 

Historic of ellipsoidal representations of the Earth 

Z 

X 
Y 

Spheroid or ellipsoid 



SAD69 
South American Datum (SAD), South American Regional 

Reference System, since 1969 

Ellipsoid: SGR-67  
Equatorial Radius a = 6 378 160 m, flattening  f = 1/298.25 
 
Position: f = -19°45’ 41,6527’’, l = -48°06’ 04,0639’’ (Chuá) 
 
 
(regional, initially defined trough astronomical measurements. 
Updated in 1996 using GPS and Doppler technique's. 
 
 
for more detailed information: ftp://geoftp.ibge.gov.br/documentos/geodesia/sisref_2.pdf 



WGS84 
World Geodetic System (WGS), global reference system, since 

1984 (last update, 2004) (Actual version: G1150) 

Ellipsoid: WGS-84  
Equatorial Radius a= 6 378 137 m, flattening  f = 
1/298.257223563 
 
Position: centered on the earth’s center of mass 
 
 
(global and defined trough satellite measurements) 
 
More info:  
http://earth-info.nga.mil/GandG/publications/tr8350.2/tr8350_2.html 



(x, y) = f (j, l)  

(j, l)  

(x, y) 

f  

f 

Projections are mathematical formulas (f) that allow to represent 
a point of the surface of the earth (j,l) in a map (X, Y) 

Source: http://2012books.lardbucket.org/books/ 
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Deformations: 
 

 Deformations are larger for 
regions far from standard 
elements (lines or points).  
 
 

 Ellipse of distortion or 
Tissot's indicatrix help us to 
visualize what type of 
distortion a map projection 
has caused, how much 
distortion occurred, and 
where it occurred.  

No projection allows us to flatten the globe without distorting it. 
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The figures below show distortions resulting from different 
projections. The globe is successively mapped by (1) a 
projection lat-long, (2) azimuthal, (3) and Albers (4) Mercator. 

1 

2 

3 

4 

Cartographic Projections 



A cylinder or cone tangent to the surface will generate a line of 
zero distortion. On the secant case we have two standard lines. 

Source: http://upload.wikimedia.org/ 
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 Common Projection Systems 

 

– Latitude Longitude System (Equirectangular projection) 

 

– UTM (Cylindrical conform) 

 

– Albers (Conic equivalent) 

 

– Lambert (Conic conform) 

Cartographic Projections 



Latitude – Longitude System  
(Geographic's or geodesic's coordinates) 

To place a point on a model of Earth's surface, 
two coordinates are used: 
 

 Latitude: ranges from -90° to 0° (South) 
and from 0° to 90° (North). 

 Longitude: ranges from 0 (Prime meridian: 
Greenwich) to 180° (East) and from -180° to 
0° (West) 

 
Meridians are lines of constant longitude 
 
Parallels are circles of constant latitude. 



It is also called the "non-projection", or 
plate carre, since the horizontal 
coordinate is simply longitude, and the 
vertical coordinate is simply latitude, with 
no transformation or scaling applied. 
 
This cylindrical equidistant projection 
presents the following characteristics: 
 

Meridians: equally spaced straight 
parallel lines half as long as the Equator; 

 

Parallels: equally spaced straight parallel 
lines, perpendicular to and having same 
spacing as meridians; 

 

Poles: straight lines equal in length to the 
Equator. 

Latitude – Longitude System  
(Equiretangular projection) 

 



Lat max=?  

Long max=? 

 

 Lat min=? 

Long min=? 

Latitude – Longitude System  
(Geographic's or geodesic's coordinates) 



The UTM system is composed of 
projections over a secant 
transverse cylinder. 
 
 
Rotating the cylinder around 
the polar axis at intervals of 6°, 
the projection of the Earth is 
divided into 60 zones. 
 

UTM 
(Universal Transverse of Mercator Projection) 



The deformation is zero on lines of 
intersection with Earth. 
 
The greater the distance between 
the standard lines and a point P, 
the higher the deformation 
 
Scale factor of 0.9996 along the 
central meridian, where the 
deformation is virtually zero 
(0.0004) 

UTM 
(Universal Transverse of Mercator Projection) 



The coordinates are always positive 
and usually  expressed in meters. 
 
In North hemisphere the origin is 
located in equator, and 500 000 
meters west of central meridian (X 
offset is 500 000 and Y offset is 0) 
 
 
 
 

UTM 
(Universal Transverse of Mercator 
Projection) 



In South hemisphere the origin is 
located 10 million meters south 
of equator and 500 000 meters 
west of central meridean, X 
offset is 500 000 and Y offset is 
1e+07 (10 million) 

UTM 
(Universal Transverse of Mercator 
Projection) 



Source: http://upload.wikimedia.org/wikipedia/commons/e/ed/Utm-zones.jpg 

UTM Zones 



Albers and Lambert Projections  
The Albers and Lambert projections use two standard parallels to reduce 
distortions. 
 Albers: projection is suitable for area measurements. 
 Lambert: projection is appropriate for the shape preservation. 
 

Such equivalents conical projections have the following characteristics:  

 

Meridians: equidistant straight lines converging at one point;  

Parallels: circle arcs converging at one point The distance between the parallel 
decreases as one moves away from the central parallel. 



Albers  

Lambert 

Albers and Lambert Projections  



It is the relationship between the size of an object (or distance) 
in the map and its real size . 

 Numeric 

   E = d / D 

   d: distance on map 

   D: real distance 

 

The most common representation of numerical scales are: 

    

   E = 1 / 10x  ou  E = 1:10x 

 

Scale 



E = 1 / 10 000 

Distance = ? 

50 000 cm = 500 m 

5 cm 

Scale 



01Km 1 2 3 4 5 Km

01Km 1 2 3 4 5 Km

0 2 mi1 mi1/2 mi

Escalas gráficas 

Fixed graphic 
scales 

Variable graphic 
scale 

Scale Graphic Representation 



Comparar as escalas… 1/E 
 

When E is smaller we have a bigger scale which offers more detail  

(Belem) 

When E is bigger we have a smaller scale which offers less detail 

(Earth) 

Scale 



Brazil is governed by 
Document T34-700 I and II, 
was recently updated by 
http://www.inde.gov.br/ 
NSDI. 
 
In other countries there are 
also regulators and exists 
globally ICA - 
http://icaci.org/ 
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More info on reference systems and 
projections: 

 

 http://spatialreference.org/ 

 http://egsc.usgs.gov/isb/pubs/Mapprojeçãos/projeçãos.html 

 http://plone.itc.nl/geometrics/Map%20projeçãos/body.htm 

 http://pubs.er.usgs.gov/publication/pp1395 

 http://www.giss.nasa.gov/tools/gprojector/ 

 https://trac.osgeo.org/proj/ 

 http://www.inde.gov.br/ 

 http://icaci.org/ 

 http://www.uni-stuttgart.de/gi/geoengine/mappro/lecturenotes.pdf 

 




