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some quick housekeeping things



group curations



lab 02 progress



coordinate systems



go to https://thetruesize.com/  

https://thetruesize.com/


http://www.youtube.com/watch?v=hoUI6rH9ukE




https://theconversation.com/world-maps-get-africas-size-wrong-cartographers-explain-why-fixing-it-matters-263833




https://www.theguardian.com/world/2026/sep/04/un-vote-world-map-mercator-equal-earth-africa




equal earth projection

https://equal-earth.com/equal-earth-projection.html


all that is to say…
map projections matter

a whole lot!









the fundamental 
challenge of 
mapping?



how to represent a 
round globe

on a flat surface



how to represent a 
round globe
lumpy geoid
on a flat surface



two steps in the 
process



first, measuring
the earth



second,
flattening it



1. geographic 
coordinate 
systems

2. projected 
coordinate 
systems

coordinate systems



1. geographic 
coordinate 
systems

2. projected 
coordinate 
systems

coordinate systems



a geographic coordinate system or 
GCS defines how we measure 
locations on the curved surface of 
the earth

it depends on measured values 
that translate our lumpy geoid to 
a round globe

coordinate systems
1. geographic 

coordinate 
systems

2. projected 
coordinate 
systems



lines of latitude or parallels are 
horizontal, separating N/S

lines of longitude or meridians 
are vertical, separating E/W

latitudes and longitudes form a 
graticule on an idealized ellipsoid

coordinate systems
1. geographic 

coordinate 
systems

2. projected 
coordinate 
systems



1. geographic 
coordinate 
systems

2. projected 
coordinate 
systems

coordinate systems
latitude/parallels longitude/meridians



1. geographic 
coordinate 
systems

2. projected 
coordinate 
systems

coordinate systems
in order to make maps, we need to 
reconcile the real world (geoid) with 
our desired model (ellipsoid) 
– that’s called a datum



1. geographic 
coordinate 
systems

2. projected 
coordinate 
systems

coordinate systems



1. geographic 
coordinate 
systems

2. projected 
coordinate 
systems

coordinate systems

ellipsoid semimajor 
axis

semiminor 
axis

inverse 
flattening

Clarke 1866 6,378,206.4 m 6,356,583.8 m 294.978698214

Adapted from Wikipedia

measurements for north american datum 1927

https://en.wikipedia.org/wiki/North_American_Datum


1. geographic 
coordinate 
systems

2. projected 
coordinate 
systems

coordinate systems
ellipsoid earth-centered or 

local?
origin point of datum

NAD27 Clarke 
1866

local (geodetic a.k.a. 
surface)

Meade's Ranch, KS 
(celestial measurements)

NAD83 GRS80 earth-centered 
(geocentric)

center of the earth 
(satellite measurements)

WGS84 WGS84 earth-centered 
(geocentric)

center of the earth 
(satellite measurements)

Adapted from Humboldt State

local vs. geocentric datums

https://gsp.humboldt.edu/olm/Lessons/GIS/02%20Datums/Local_vs_Earth_Centered_Datums.html


1. geographic 
coordinate 
systems

2. projected 
coordinate 
systems

coordinate systems



1. geographic 
coordinate 
systems

2. projected 
coordinate 
systems

coordinate systems

https://www.esri.com/arcgis-blog/products/arcgis-pro/education/earth-peel/


1. geographic 
coordinate 
systems

2. projected 
coordinate 
systems

coordinate systems



1. geographic 
coordinate 
systems

2. projected 
coordinate 
systems

coordinate systems



1. geographic 
coordinate 
systems

2. projected 
coordinate 
systems

coordinate systems



???



1. geographic 
coordinate 
systems

2. projected 
coordinate 
systems

coordinate systems
ellipsoid



1. geographic 
coordinate 
systems

2. projected 
coordinate 
systems

coordinate systems
cartesian grid



a projected coordinate system or 
PCS translates geographic data as 
a flat map

every projection derives from 
abstract formulas that refer to a 
cartesian grid

1. geographic 
coordinate 
systems

2. projected 
coordinate 
systems

coordinate systems



1. geographic 
coordinate 
systems

2. projected 
coordinate 
systems

coordinate systems
the projected coordinate system 
speaks in planar or linear units of 
measurement (e.g., feet or meters)

whereas a GCS uses angular units 
of measurement (e.g., degrees)



two geometric terms of great 
importance:

● tangent = a line that intersects 
a circle at exactly one point

● secant = a line that intersects a 
circle at two points

1. geographic 
coordinate 
systems

2. projected 
coordinate 
systems

coordinate systems



1. geographic 
coordinate 
systems

2. projected 
coordinate 
systems

coordinate systems



1. geographic 
coordinate 
systems

2. projected 
coordinate 
systems

coordinate systems
distortion is minimized at 
standard parallel(s), either:

● the one point at which the globe 
is touched by a tangent

● or the two points at which the 
globe is intersected by a secant



1. geographic 
coordinate 
systems

2. projected 
coordinate 
systems

coordinate systems



1. geographic 
coordinate 
systems

2. projected 
coordinate 
systems

coordinate systems
developable surfaces



1. geographic 
coordinate 
systems

2. projected 
coordinate 
systems

coordinate systems
plane or 
azimuth

conic cylindrical



1. geographic 
coordinate 
systems

2. projected 
coordinate 
systems

coordinate systems
plane or 
azimuth



1. geographic 
coordinate 
systems

2. projected 
coordinate 
systems

coordinate systems
conic



1. geographic 
coordinate 
systems

2. projected 
coordinate 
systems

coordinate systems
cylindrical



coordinate systems
1. area
2. shape
3. distance
4. direction

you can preserve some……….
but never all



1. area
2. shape
3. distance
4. direction

coordinate systems

in the equal-area projection above, total area is preserved while shape is distorted



1. area
2. shape
3. distance
4. direction

coordinate systems

in the conformal projection above, shape is preserved while area is distorted



coordinate systems

in the equidistant projection above, distance is preserved while size is distorted

1. area
2. shape
3. distance
4. direction



1. area
2. shape
3. distance
4. direction

coordinate systems

in the azimuthal projection above, direction is preserved while shape and size are distorted





distortion description

distance true only on both standard parallels.

scale distortion increases away from the standard parallels.

direction true direction is preserved along the standard parallels. Distortion 
in direction increases away from standard parallels.

area accurate for areas near the standard parallels. Equal to the same 
areas on Earth, though it’s not conformal, perspective, or 
equidistant.

Albers equal area projection

table adapted from gisgeography

https://gisgeography.com/conic-projection-lambert-albers-polyconic/


● ellipsoid + geoid = datum
● latitude/longitude
● angular units (e.g., degrees)

● cartesian grid
● x/y
● linear units (e.g., meters)

geographic coordinate 
systems

projected coordinate systems

recap and compare



recap and compare

● formulas/algorithms
● equal earth formula:

● measured values
● north american datum (NAD) 1927:

geographic coordinate 
systems

projected coordinate systems

ellipsoid semimajor 
axis

semiminor 
axis

inverse 
flattening

Clarke 
1866 6,378,206.4 m 6,356,583.8 m 294.978698214



also, you should be 
aware of “universal”
projections



universal transverse 
mercator divides the 
earth into 60 zones, each 
of which covers 6 
degrees of longitude



UTM zones



https://mangomap.com/robertyoung/maps/69585/what-utm-zone-am-i-in-#


“state plane” projections 
are locally optimized for 
the US state boundaries





so how do you 
choose?



● cylindrical for low-latitude areas
● conical for middle-latitude areas
● azimuthal for polar regions (or 

propaganda maps??)
● pay attention to scale - e.g., don’t use a 

US state plane for South Africa



here are some resources!



wikipedia  is great for comparing 
projections in general:

https://en.wikipedia.org/wiki/List_of_map_projections
https://en.wikipedia.org/wiki/List_of_map_projections


bill rankin  also has a great 
website for that:

http://www.radicalcartography.net/index.html?projectionref
http://www.radicalcartography.net/index.html?projectionref


projection wizard  is 
handy:

https://projectionwizard.org/
https://projectionwizard.org/


and epsg.io  provides a crisp 
spatial search interface:

https://epsg.io/

