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coordinate systems



go to https://thetruesize.com/
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World maps getAfrica’s size wrong:
cartographers explain why fixing it matters

Published: August 28, 2025 10:48am EDT .

The Mercator map exaggerates the area of North America and Eurasia while under-representing the size of much of South America and Africa. NASA's Earth O

The African Union has endorsed the #CorrectTheMap Campaign, a call for the
United Nations and the wider global community to use a different kind of world
©  map. The campaign currently has over 4,500 signatures.

Why changing the world map is difficult

Bringing about changes won'’t be easy.

Firstly, global map production is not governed by a single authority. Even if the
United Nations were to adopt the Equal Earth projection, world maps could still
be drawn in other projections. Cartographers are frequently commissioned to
update world maps to reflect changes to names and borders. But the changes
don’t always find quick acceptance. For example, cartographers changed English-
language world maps after the Czech Republic adopted the name “Czechia” as its
English name in 2016. While making the change was not difficult, broader
acceptance has been harder to achieve.

A person’s mental image of the world is solidified at a young age. The effects of a
shift to the Equal Earth projection may take years to materialise. Previous efforts
to move away from Mercator projection, such as by Boston Public Schools in 2017,
upset cartographers and parents alike.

Given the African Union’s larger goals, supporting the Equal Earth projection is
the first step in pushing the global community to see the world more fairly and
reframing how the world values Africa. Mobilising social support for the new
projection through workshops with educators, diplomatic advocacy, forums with
textbook publishers, journalists, and Africa’s corporate partners could help move
the world away from the Mercator projection for everyday use.

Shifting to the Equal Earth projection alone will not undo centuries of distorted
representations or guarantee more equitable global relations. But it’s a step
towards restoring Africa’s rightful visibility on the world stage.


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

UN Photo Robert Dussey, Minister for Foreign Affairs of Togo, briefs reporters at the United Nations on the day of the vote. "A fair map does not change the geography of the world, it changes how we see the world” he said

4 September 2026 | Culture and Education f X &

The UN General Assembly has voted overwhelmingly to encourage governments, schools and tech companies worldwide to stop RELATED STORIES
using maps that make Africa look far smaller than it really is. —
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WORLD - AFRICA

France adopts fairer world map ahead of UN vote
on more balanced geography

As part of a movement led by the African Union, Paris announced on Friday that it will abandon the Mercator
projection to better reflect the physical reality of the planet. France will now appear smaller on world maps.

By Christophe Chatelot

Published on September 4, 2026, at 4:02 pm (Paris) - @& 3 minread - Lire en francais



equal earth projection



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

all that is to say...
map projections matter
a whole lot!
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the fundamental
challenge of
mapping?



how to represent a
round globe

on a flat surface



how to represent a

reund-globe-
lumpy geoid

on a flat surface




two steps Iin the
process



first, measuring
the earth



second,
flattening it



coordinate systems

1. geographic
coordinate
systems

2. projected
coordinate
systems Geographic (3D) Projected (2D)



coordinate systems

1.

geographic
coordinate
systems

Axis of
ellipsoid
Earth's
axis of
rotation

Astro-geodectic
deflection (relative)
\\
Y
Change in deflection
(relative datum to

earth centred system)

Gravimetric deflection

Gravimetric undulation

Change in undulation (relative to
earth centred system)

/ / Astro-geodectic
/ undulation (relative)

-~

-

Centre of ellipsoid of relative datum

Centre of earth coincides with centre of



coordinate systems

1. geographic
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

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 latitude/parallels longitude/meridians
coordinate
systems -
60N
150W
"
120W
30N sty GO 2l
-

30S



coordinate systems

1. geographic in order to make maps, we need to
coordinate reconcile the real world (geoid) with
systems our desired model (ellipsoid)

- that's called a datum




coordinate systems

1. geographic
coordinate
systems




coordinate systems

1. gecgraphic measurements for north american datum 1927
coordinate . . :
eIIipsoid semimajor semiminor inverse
systems axis axis flattening
Clarke 1866 6,378,206.4 m 6,356,583.8 m 294.978698214

Adapted from Wikipedia



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

coordinate systems

1.

geographic

coordinate

SySte ms NAD27
NADS83
WGS84

local vs. geocentric datums

ellipsoid earth-centered or origin point of datum
local?

Clarke local (geodetic a.k.a. Meade's Ranch, KS

1866 surface) (celestial measurements)

GRS80 earth-centered center of the earth
(geocentric) (satellite measurements)

WGS84 earth-centered center of the earth
(geocentric) (satellite measurements)

Adapted from Humboldt State



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

coordinate systems

1. geographic
coordinate
systems




coordinate systems

geographic
coordinate
systems

[ Earth Peel
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3 All Bookmarks

ArcGIS Blog

Topics ¥

ArcGIS Pro

Farth Peel
March 02, 2020 /

LT What is a projection, and what are the trade-offs associated with
i flattening our roundish planet into flatland?

Fun fact: somewhere in the world, at any moment, a geographer

is talking about peeling oranges.

S —————————



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

coordinate systems

1. geographic
coordinate
systems
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coordinate systems

ellipsoid

2. projected B |
coordinate . ) wenlem
systems .



coordinate systems

2. projected
coordinate
systems
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coordinate systems

2. projected
coordinate
systems

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



coordinate systems

2. projected
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)



coordinate systems

2. projected
coordinate
systems

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



coordinate systems

2. projected

coordinate

systems
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coordinate systems

2. projected
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



coordinate systems
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2. projected
coordinate
systems
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coordinate systems

2. projected
coordinate
systems

developable surfaces

Plane Cylinder Cone

point of tangency

point ol
-~ tangency

a.Tangent to Sphere. c.Tangent to Sphere. e. Tangent to Sphere.

-

b. Secant to Sphere. d. Secant Lo Sphere. f. Secant to Sphere.

#2013 P2arson EoLeancn, Inc



coordinate systems

plane or conic cylindrical
azimuth

2. projected
coordinate
systems




coordinate systems

plane or
azimuth

©©e

Virsssomat SN fA——N
u / : : : \ U
Gnomonic Stereographic Orthographic

2. projected
coordinate
systems




te systems

coord

conic

2. projected

coordinate
systems




coordinate systems

cylindrical

Transverse Mercator Oblique Mercator

2. projected
coordinate
systems




coordinate systems

1. area

2' Shape youcanpreservesome ..........
3. distance but never all

4. direction



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



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



coordinate system

pary

3. distance

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



coordinate systems

TP
N 4!
= M'CHHC&B:‘H ”;7 ’ i
1 1 o s
Sl AlLLS

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






Albers equal area projection

table adapted from gisgeography

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.


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

recap and compare

geographic coordinate projected coordinate systems
systems

e ellipsoid + geoid = datum e cartesian grid
e latitude/longitude o X/y
e angular units (e.g., degrees) e linear units (e.g., meters)
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recap and compare

geographic coordinate projected coordinate systems
systems
e measured values e formulas/algorithms

e north american datum (NAD) 1927: e equal earth formula:

3 ] [ ] ] . L 3 .
ellipsoid semlm.ajor semm:mor mver?e sinB = — sing
axis axis flattening
- 2. Y3\ cosb
T 3. (A1 +3-A-02+05-(7-A3+9-A4-02)
Clarke | 5 978 906.4 m | 6,356,583.8 m | 294.978698214 6 2
1866 ’ ’ 41N ’ ’ .0om . y=9-(A1+A2-92+6-(A3+A4-9))

A1=1.340264, A ;=0.081106, A 3=0.000893, A 4=0.003796



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
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@ What UTM Zoneam lin?-1n X +

€« c mangomap.com 1 g tr AN + ¢ =z

% Bookmarks zm My Zoom o Mail - Spangler, la... A GBTU (non-HWG)... %€ Atlascope tour ge... Free Boston Globe... 3 gbtu-data tx GB-Digital-Pedag... [ All Bookmarks

What UTM Zone am | in ? Like what you see?

Click on the map or use the Geolocate button to find out which UTM zone you are in.

-85.580440

44.416437 Address Search

Sign up here for a free 30 day trial of

MangoMap, the easiest way to share maps
with colleagues, clients or the public.

Securely distribute data-enhanced maps and

project outputs quicker, easier and better
than ever before

Fixed low-cost pricing, instant over-the-air
updates and interactive maps that are ready
to share in minutes.

.

Build stunning, data-enriched web maps
and share privately with clients

Set-priced plans, no credits and low
9 cost

Collaborate in real-time with instant
Multiple Features Selected (1/2) | < || >

UTM Zone: 19

Start Longitude: -72
Start Latitude: 0
Hemisphere: n
Central Meridian: -69

Add bool m

over-the-air updates for enhanced
productivity

Unlimited private viewers on Enterprise
& Agency plans

Add your own logo, colours and
branding

Web-based functionality for easy
sharing and presenting client work.

Sign up now for free!



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

“state plane” projections
are locally optimized for
the US state boundaries
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125° \120°W 115°W 110°W 105°W 100°W 95°W 90°W 85°W 80°W 75°W
:;' e State Plane Coordinate System of 1983 N AR
0 s s — ~ Final (2001) configuration showing the 108 zones
WA 2 : of the conterminous United States \
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Changes from SPCS 27 to original SPCS 83,
and from original to final SPCS 83:

22 zones where geodetic parameters
changed from SPCS 27 to SPCS 83
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so how do you
choose?



cylindrical for low-latitude areas
conical for middle-latitude areas
azimuthal for polar regions (or
oropaganda maps??)

Day attention to scale - e.g., don't use a
UJS state plane for South Africa




here are some resources!



wikipedia is great for comparing

projections in general:

List of map projections - Wik X 4+

& c en.wikipedia.org t * = 8
% Bookmarks zm My Zoom o Mail - Spangler, la. 3 GBTU (non-HWG) % Atlascope tour ge. 1 Free Boston Globe... % gbtu-data tx GB-Digital-Pedag... [ All Bookmarks
List of map projections A 9 languages
Contents  hide Article  Talk Read Edit View history Tools v
(Top) From Wikipedia, the free encyclopedia

Tablajot projections This is a dynamic list and may never be able to satisfy particular standards for completeness. You can help by adding missing items with reliable

v Key sources.
Type of projection surface This is a summary of map projections that have articles of their own on Wikipedia or that are otherwise notable. Because there is no limit to the number
Properties of possible map ions, '] there can be no ive list.
See also L
Notes Table of projections et
Further reading Year +  Projection ¢ Image Type + Properties ¢ Creator ¢ Notes

Simplest geometry; distances

Equirectangular -
along meridians are conserved.

= equidistant cylindrical

6120 | =rectangular Cylindrical Equidistant | Marinus of Tyre | Plate carrée: special case having
- the equator as the standard
paraliélogrammatique parallel.

Transverse of equidistant
projection; distances along central
Cassini : César-Frangois

1745 Cylindrical Equidistant meridian are conserved.

= Cassini-Soldner Cassini de Thury

Distances perpendicular to central

meridian are preserved.



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:

B radicalcartography X+

€« (6] /A Not Secure  radicalcartography.net,

% Bookmarks  zn MyZoom 9% Mail - Spangler, la.. £ GBTU (non-HWG)... Atlascope tour ge... &) Free Boston Globe... & gbtu-data b GB-Digital-Pedag... [ All Bookmarks

link to this page

RADICAL
CARTOGRAPHY

ABOUT
PROJECTS
YUMMY pink background
NEWs
RE:SOURCES sources and links
CONTRIBUTE
CONTACT
WALL MAPS OF THE WORLD  For display and thematic maps.

MAPS OF HEMISPHERES AND CONTINENTS  Very flexible projections that can be tweaked to give low distortion. (Shown with world or continental maps.)

NAVIGATING AND MEASURING LARGE AREAS  Finding shortest routes, true-scale distances, and bearings.

REGIONAL AND LOCAL MAPS  When the scale used is large enough for overall distortion to be minimal. (Shown with world or state maps.)

click each heading to open/close



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

projection wizard
handy:

<« c projectionwizard.org e

Projection Wizard

% Bookmarks i MyZoom @ Mail - Spangler, la.. &% GBTU (non-HWG)... Atlascope tour ge... {7} Free Boston Globe... & gbtu-data tx GB-Digital-Pedag...

PROJECTION WIZARD +

Distortion Property
@® Equal-area

O Equidistant

O compromise

Geographic Extent

North: [90° 00 00" N

South: [90°0000" §

East:  [180°00' 00" E

©2020 Bojan Savriz
Maps created wih Leale and D3. Ties: © Esr

Equal-area world map projections with poles represented as points

Mollweide pro) wir
Hammer (or Hammer-Aitoff) proj wkr

Equal-area world map projections with poles represented as lines

Equal Earth proj wkt

Eckert IV pao) wir

Wagner IV (or Putnins P2") poj wit
Wagner Vil (or Hammer-Wagner) proj wir

Central meridian: 0° E

Equal Earth

S —————————



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

d epsg.io provides a crisp
patial search interface:

) EPSG.io: Coordinate System: X+

< X 25 epsg.io * =z 8 = 0%

% Bookmarks  Z% MyZoom 3 Mail - Spangler, la.. &% GBTU (non-HWG).. @ Atlascope tourge.. i} Free Boston Globe.. % gbtu-data & GB-Digital-Pedag... 3 All Bookmarks

Search Map Transform About

epsgio”

Coordinate Systems Worldwide

intry, code or name of a coordinate system ) SEARCH
e.g. 8°33'10", 8.4 IR\
Es.l

e.g.47°22'00", 4

Transform coordinates Get position on a map



https://epsg.io/

