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Web Mercator

• It is everywhere!

• Started when Google Maps

was introduced in 2005







Web Mercator

Q: Which is bigger?

Antarctica ~  14 000 000 km2

South America ~  17 840 000 km2

Greenland ~    2 166 000 km2



Why not Web Mercator?

• Shows areas with enormous distortion

• Impossible to display poles 

(infinite scale at poles)

• Rectangular shape gives an 

impression that our world is flat



Addressing Common Misconceptions

1. Web Mercator is a projected coordinate system, not a projection



From a Spheroid to a Plane

Map

(flat)

Earth’s surface

(curved)



PROJCS["WGS_1984_Web_Mercator_Auxiliary_Sphere",

GEOGCS["GCS_WGS_1984",

DATUM["D_WGS_1984",

SPHEROID["WGS_1984",6378137.0,298.257223563]],

PRIMEM["Greenwich",0.0],

UNIT["Degree",0.0174532925199433]],

PROJECTION["Mercator_Auxiliary_Sphere"],

PARAMETER["False_Easting",0.0],

PARAMETER["False_Northing",0.0],

PARAMETER["Central_Meridian",0.0],

PARAMETER["Standard_Parallel_1",0.0],

PARAMETER["Auxiliary_Sphere_Type",0.0],

UNIT["Meter",1.0]]

Web Mercator

Projected 

Coordinate 

System 



Addressing Common Misconceptions

1. Web Mercator is a projected coordinate system, not a projection

2. Web Mercator does not preserve shape

- There is no projection that preserves correct shapes



Web Mercator Projection vs. Reality



Addressing Common Misconceptions

1. Web Mercator is a projected coordinate system, not a projection

2. Web Mercator does not preserve shape

3. Web Mercator does not preserve local angles (not conformal)



Geographic Coordinates

• Longitude 𝜆 , Latitude 𝜙

• Defined on a curved 2D surface

- Ellipsoid (most data)

- Sphere (very rarely)



Projection Equations

• A projection can have a pair of equations for both models

- Mercator projection for a sphere

- Mercator projection for an ellipsoid

𝑥 = 𝑅 ∙ 𝜆 − 𝜆0 𝑦 =
𝑅

2
∙ ln

1 + sin𝜙

1 − sin𝜙

𝑥 = 𝑎 ∙ 𝜆 − 𝜆0 𝑦 =
𝑎

2
∙ ln

1 + sin𝜙

1 − sin𝜙

1 + 𝑒 ∙ sin𝜙

1 − 𝑒 ∙ sin𝜙

𝑒



Geographic Coordinates + Projection Equations

Ellipsoid Mercator for spheres+ Conformal

Web Mercator

Mercator for ellipsoidsEllipsoid + Conformal

Mercator for spheres+ Conformal

Earth Projection Map property

Sphere



Web Mercator

“ The Web Mercator is an

engineering mistake 

that went out of control!



Web Mercator

• It distorts everything

- Shapes

- Angles

- Areas

- Distances

- Directions

- Rhumb lines

- Compass bearings

- Etc.



Addressing Common Misconceptions

1. Web Mercator is a projected coordinate system, not a projection

2. Web Mercator does not preserve shape

3. Web Mercator does not preserve local angles (not conformal)

4. Web Mercator is also not appropriate at large scales

- It still requires scale adjustment at large scales



SingaporeOslo, Norway



SingaporeOslo, Norway



Addressing Common Misconceptions

1. Web Mercator is a projected coordinate system, not a projection

2. Web Mercator does not preserve shape

3. Web Mercator does not preserve local angles (not conformal)

4. Web Mercator is also not appropriate at large scales



Addressing Common Misconceptions

5. The results of geodesic-based analysis are not presented 

correctly in Web Mercator

- Even when the analysis is performed accurately behind the scenes, 

it is still important to display the results correctly











Addressing Common Misconceptions

5. The results of geodesic-based analysis are not presented 

correctly in Web Mercator

6. WGS 1984 Web Mercator is not a static coordinate system

- With time, geographic data in Web Mercator moves



Misalignments in WGS 1984



Misalignments in WGS 1984



Misalignments in WGS 1984



Misalignments in WGS 1984



Misalignments in WGS 1984



No Misalignments in GDA



Addressing Common Misconceptions

5. The results of geodesic-based analysis are not presented 

correctly in Web Mercator

6. WGS 1984 Web Mercator is not a static coordinate system

7. Web maps are not limited to Web Mercator

- A web map can be in any projected coordinate system



https://codepen.io/BSavric/pen/jObZYLB?editors=0010

https://codepen.io/BSavric/pen/eYpVyrM?editors=0010

https://codepen.io/BSavric/pen/jObZYLB?editors=0010
https://codepen.io/BSavric/pen/eYpVyrM?editors=0010






Map Projection Selection



Map Projection Selection

Q: Which projection is the best?

A:  It depends on what you are 

doing.

Transverse Mercator

Stereographic

Azimuthal equidistant

Albers equal area

Gnomonic



“ Where projections are concerned there’s really no good default. 

Every map should be considered on a case by case basis 

depending on where in the world you’re mapping, the scale, 

purpose and content. 

(Kenneth Field, 2019)

Map Projection Selection



John Snyder’s Selection Guideline

World

Map

Hemisphere Continents, countries



John Snyder’s Selection Guideline

World

Map

Hemisphere Continents, countries

Landscape Portrait Square Oblique





Appropriate for World Maps

• Pseudocylindrical

- Equal area

(thematic maps)

- Compromise 

(general maps)

Equal Earth Eckert IV

Robinson
Winkel Tripel



Appropriate for World Maps

• Cylindrical projections

- Compromise

Only for rare phenomena 

based on longitude (time zones) 

or very good aesthetic reasons!

Patterson

Plate Carrée



Appropriate for Hemisphere Maps

• Only azimuthal projections

- Azimuthal equidistant

- Lambert equal area

- Orthographic

OrthographicLambert azimuthal equal area



Appropriate for Continents and Smaller Areas

• Azimuthal

- Polar areas

- Equal extent

• Conic

- Mid-latitudes

- East to west extent

• Cylindrical

- Equatorial areas

- East to west extent

• Transverse cylindrical

- North to south extent

• Oblique cylindrical

- Oblique extent



Appropriate for Topographic Maps

• Transverse cylindrical 

- Transverse Mercator 

- Transverse cylindrical equal area

- Cassini

Transverse Mercator, 

used in UTM, State Plane, etc.



Selecting Projection Properties

• Use equal area for thematic maps, especially when areas are 

compared, or when densities of objects are compared.

• Use equidistant projections only if distances are measured along

certain (equidistant) lines.

• Regional maps (continents or smaller areas): 

Use either equal area or conformal.

• Only for regional maps: use conformal projection when measuring 

angles (surveying, military, naval navigation, etc.)

• World maps should use compromise or equal area projections.



Rectified skew orthomorphic 

Robinson

Sinusoidal

Stereographic

Times

Tobler cylindrical I

Tobler cylindrical II

Transverse cylindrical equal-area

Transverse Mercator

Two point equidistant

Van der Grinten I

Vertical near side perspective

Wagner IV

Wagner V

Wagner VII

Winkel I

Winkel II

Winkel Tripel

Adams square II

Aitoff

Albers

Aspect-adaptive

Azimuthal equidistant

Behrmann

Berghaus Star

Bonne

Cassini

Compact Miller

Craster parabolic

Cube

Cylindrical equal-area

Double stereographic

Eckert I 

Eckert II

Eckert III

Eckert IV

Lambert conformal conic

Local

Loximuthal

McBryde-Thomas flat-polar quartic

Mercator

Miller cylindrical

Mollweide

Natural Earth

Natural Earth II

New Zealand map grid

Ney modified conic

Orthographic

Patterson

Peirce quincuncial

Perspective cylindrical

Plate Carrée

Polyconic

Quartic authalic

Eckert V

Eckert VI

Eckert-Greifendorff

Equal Earth

Equidistant conic

Equidistant cylindrical

Fuller

Gall stereographic

Gauss-Krüger

Geostationary satellite

Gnomonic

Goode homolosine

Hammer

Hotine oblique Mercator 

IGAC Plano Cartesiano

Krovak

Laborde oblique Mercator

Lambert azimuthal equal-area

Map Projections in Esri Software



Map Projections in Esri Software

Hotine Oblique Mercator Azimuth Center

Hotine Oblique Mercator Azimuth Natural Origin

Hotine Oblique Mercator Two Point Center

Hotine Oblique Mercator Two Point Natural Origin

Hotine Oblique Mercator









“ Publish your authoritative data in 

authoritative coordinate systems!



Coordinate Systems in Esri Software

5619 projected coordinate systems

978 geographic coordinate systems

398 vertical coordinate systems

1767 geographic transformations

181 vertical transformations



Useful Links

• Snyder’s selection guidelines

https://doi.org/10.3133/pp1395, p. 33–35 

• ArcGIS Python Add-In Map Projection Selection Toolbar

https://github.com/pcgosling/ArcGIS-ProjectionSelection

• List of Supported Map Projections in ArcGIS Pro

https://pro.arcgis.com/en/pro-app/help/mapping/properties/list-of-supported-map-projections.htm

• Quick Notes on Map Projections in ArcGIS

https://github.com/Esri/projection-engine-db-doc/tree/master/other

• ArcGIS Online: Use your own basemap

https://doc.arcgis.com/en/arcgis-online/create-maps/choose-basemap.htm

• Projection Wizard

https://projectionwizard.org



Useful Links

• Map Projections Learning Path

https://learn.arcgis.com/en/paths/map-projections

• Make a Web Map without Web Mercator Lesson

https://learn.arcgis.com/en/projects/make-a-web-map-without-web-mercator

• Blog: Mercator, It’s not Hip to be Square

https://www.esri.com/arcgis-blog/products/arcgis-pro/mapping/mercator-its-not-hip-to-be-square

• Here Are Some Equal Area Projected Maps for ArcGIS Online (and how to make them)

https://www.esri.com/arcgis-blog/products/arcgis-online/mapping/here-are-some-equal-area-

projected-maps-for-arcgis-online-and-how-to-make-them

• DevSummit 2018: Client-side Processing in Web Applications

https://www.youtube.com/watch?v=vCw5ASyAGSU&t=2m50s



Please provide your feedback for this 

session by clicking on the session 

survey link directly below the video.




