
Map Projections
Transforming the Earth's three-dimensional surface onto a two-
dimensional map requires the use of map projections. These 
mathematical models aim to preserve key properties like shape, area, 
distance, or direction while minimizing distortion.

Dr. Jagdish Chand
Asst. Prof,Geography
Govt. College Sangrah



Criteria for Choice of Projections

Geographic Area

Consider the size and shape of the geographic region to be mapped. This will help determine the best 
projection to minimize distortion.

Purpose of Map

Understand the intended use of the map, such as for navigation, area measurement, or visualizing 
spatial relationships.

Preservation of Properties

Decide which map properties, such as shape, area, distance, or direction, are most important to 
preserve for the specific application.

Computational Complexity

Consider the complexity of the projection calculations and how it impacts the time and resources 
required for map creation and use.



Attributes and Properties of Projections

1 Preservation of Shape

The ability of a map projection to accurately 
represent the true shapes of geographic features 
on the curved surface of the Earth.

2 Preservation of Area

The degree to which a map projection maintains 
the relative sizes of geographic regions 
compared to the actual Earth's surface.

3 Preservation of Distance

The extent to which a map projection accurately 
represents the true distances between points on 
the Earth's surface.

4 Preservation of Direction

The capacity of a map projection to depict the 
true compass bearings between locations on the 
Earth.



Zenithal Gnomonic Polar Case

1
Definition

A map projection where the Earth's surface is projected onto a tangent plane at the North or 
South Pole.

2
Characteristics

Preserves directions but severely distorts shapes and sizes, especially 
near the edges.

3
Advantages

Ideal for navigation and tracking great circle routes, 
which appear as straight lines.

The Zenithal Gnomonic Polar Case is a map projection that projects the Earth's surface onto a plane tangent to the 
North or South Pole. While it preserves directions, it significantly distorts shapes and sizes, making it unsuitable for 
general-purpose maps. However, its properties make it useful for navigation and planning great circle routes, which 
appear as straight lines on this projection.



Zenithal Gnomonic Polar Case

Definition

The Zenithal Gnomonic Polar projection is a map 
projection that displays the entire globe on a single 
circular map. It is centered on one of the Earth's poles, 
typically the North or South Pole.

Characteristics

This projection accurately portrays straight lines as 
great circles, making it useful for navigation. However, 
it severely distorts the size and shape of landmasses 
away from the central pole.



Applications and Limitations

Cartography

The Zenithal Gnomonic Polar 
projection is useful for world maps 
centered on the North or South 
Pole, as it preserves the true 
directions from the center point.

Navigation

This projection is also valuable for 
navigation, as it accurately depicts 
great circle routes, the shortest 
paths between two points on a 
sphere.

Time Zones

The Zenithal Gnomonic Polar 
projection is commonly used for 
maps depicting time zones, as it 
clearly shows the convergence of 
meridians at the poles.



Zenithal Stereographic Polar Case

1Definition

The zenithal stereographic polar case is a 
map projection that preserves the shape of 

small areas near the center of the 
projection. It is centered on the north or 

south pole and depicts the entire globe in a 
circular map.

2 Characteristics

This projection maintains true shapes and 
directions near the center, but distorts 
areas farther from the pole. Shapes become 
increasingly elongated towards the edges 
of the map.3Applications

The stereographic polar projection is 
commonly used for navigational charts, 

weather maps, and to depict the polar 
regions. It is suitable for visualizing data 

that is centered around the poles.



Zenithal Stereographic Polar Case

Definition and 
Characteristics

The zenithal stereographic polar 
map projection is a conformal 
projection that preserves the 
shapes and angles of features near 
the center of the map, but 
increasingly distorts them towards 
the poles. This makes it well-suited 
for maps centered on the North or 
South Pole.

Preserves Shapes and 
Angles

The zenithal stereographic 
projection maintains the true 
shape and relative angles of 
landmasses and other geographic 
features near the center of the 
map, making it useful for 
navigational and cartographic 
purposes.

Distortion at the Edges

While the central region is 
accurately portrayed, the zenithal 
stereographic polar projection 
significantly exaggerates the size 
and shape of landmasses and 
oceans towards the edges of the 
map, near the polar regions.



Zenithal Stereographic Polar Case

Definition

The zenithal stereographic polar 
projection is a perspective projection 
where the center of projection is 
located at the North or South Pole, and 
the projection plane is tangent to the 
Earth's surface at the Pole.

Characteristics

This projection preserves the shapes of 
small areas near the center, but 
increasingly distorts shapes and sizes 
towards the edges. Shapes near the 
equator are greatly exaggerated.

Applications

Useful for mapping polar regions and visualizing the entire Earth from a polar 
perspective. Often used in navigation, meteorology, and cartography of the Arctic and 
Antarctic.



Cylindrical Equal Area

1 Equatorial

2 Transverse

3 Oblique

The Cylindrical Equal Area projection is a type of map projection that preserves the relative size of geographic 
features, ensuring that the areas on the map are proportional to the actual areas on the Earth's surface. It is 
commonly used for thematic maps, such as population density or climate data, where the accurate representation of 
area is crucial.



Cylindrical Equal Area

Definition

The Cylindrical Equal Area 
projection is a map projection that 
preserves the relative size of areas 
on the map, ensuring that the size 
of landmasses is accurately 
represented.

Characteristics

This projection is cylindrical in 
nature, with parallels and 
meridians forming a grid of 
rectangles. It is useful for thematic 
maps that require accurate area 
representation.

Applications

The Cylindrical Equal Area 
projection is often used for world 
maps, regional maps, and maps 
depicting the distribution of 
resources, population, or other 
statistical data that requires 
accurate area comparison.



Cylindrical Equal Area

Applications

The Cylindrical Equal Area projection is commonly 
used for thematic maps, such as demographic, 
economic, or climate maps, where preserving the 
relative size of regions is more important than 
preserving shape or direction.

Limitations

The Cylindrical Equal Area projection distorts the 
shapes of landmasses, particularly near the poles, 
where the distortion becomes extreme. It also does 
not preserve directions, making it less suitable for 
navigational maps.



Mercator's Projection

1 Definition

2 Characteristics

3 Applications

4 Limitations

Mercator's projection is a cylindrical map projection developed by Gerardus Mercator in the 16th century. It preserves 
the local shapes and angles, making it useful for navigation, but distorts the relative sizes of landmasses, particularly 
near the poles.



Mercator's Projection

Definition

Mercator's projection is a 
cylindrical map projection that 
preserves the shapes of small 
regions, but distorts the sizes of 
landmasses, especially near the 
poles.

Characteristics

This projection maintains compass 
bearing accuracy, making it useful 
for navigation, but greatly 
exaggerates the size of landmasses 
at higher latitudes compared to 
their true area.

Applications

Mercator's projection is widely 
used in nautical charts and maps 
for its preservation of compass 
bearings, but is less suitable for 
representing the true relative sizes 
of landmasses.



Mercator's Projection: Applications and 
Limitations

Navigation and 
Maritime Use

Mercator's projection is 
widely used in navigation and 
maritime applications due to 
its accurate representation of 
compass directions, making 
it invaluable for ship captains 
and pilots.

Distortion at High 
Latitudes

The Mercator projection 
significantly distorts the size 
of land masses at high 
latitudes, leading to an 
exaggerated perception of 
the size of polar regions.

Limitation for Area 
Measurement

The Mercator projection does 
not accurately represent the 
relative sizes of landmasses, 
making it unsuitable for 
applications that require 
accurate area measurement, 
such as resource planning.



Conical Projection with Two Standard 
Parallel

Definition

The conical projection with two standard parallels is a map projection where the Earth's surface is 
projected onto a cone that is tangent to the Earth at two specified latitudes.

Characteristics

This projection preserves shape and scale along the two standard parallels, but distorts areas and 
distances away from those lines. It is often used for mid-latitude regions.

Applications

The conical projection with two standard parallels is commonly used for regional maps, as it 
provides a balance between preserving shape and reducing distortion.



Conical Projection with Two Standard 
Parallel

Definition

The conical projection with two 
standard parallels is a map 
projection that preserves the 
shape and relative size of land 
masses near the standard 
parallels.

Characteristics

This projection uses a cone to 
map the Earth's surface, with 
the standard parallels 
representing the locations 
where the cone intersects the 
Earth. The regions between the 
standard parallels are 
relatively accurate in terms of 
shape and size.

Properties

The conical projection with two 
standard parallels minimizes 
distortion near the standard 
parallels, making it well-suited 
for maps focused on mid-
latitude regions. However, it 
introduces increasing 
distortion towards the poles 
and the equator.



Conical Projection with Two Standard Parallels

Definition

The Conical Projection with Two 
Standard Parallels is a map 
projection that uses a cone-shaped 
surface to represent the Earth. It 
has two standard parallels where 
the scale is accurate.

Characteristics

This projection preserves shape 
and distance along the standard 
parallels but distorts areas, shapes, 
and scales elsewhere. It is a 
compromise between area and 
shape distortion.

Applications

This projection is commonly used 
for regional maps, particularly in 
mid-latitude regions where the 
distortion is minimized. It is well-
suited for maps of continents or 
large countries.



Comparison of Projection Attributes

Preservation of Shape

Some projections maintain the true shape of 
landmasses, while others distort shapes, especially 
at the poles or along the edges of the map.

Preservation of Area

Certain projections accurately depict the relative 
sizes of land areas, while others exaggerate or 
minimize the true size of regions.

Preservation of Distance

Some projections retain the true distances between 
points, making them useful for navigation, while 
others introduce significant distance distortions.

Preservation of Direction

A few projections maintain the true bearings 
between locations, allowing for accurate compass 
readings, while most introduce angular distortions.



Preservation of Shape

Important 
Consideration

The preservation of shape is a 
crucial property when 
selecting a map projection, 
as it determines how well the 
projection maintains the 
original shapes of geographic 
features.

Conformal Projections

Conformal projections, such 
as the Mercator and 
Stereographic projections, 
preserve the shape of small 
areas, ensuring that the 
relative angles between 
features are maintained.

Distortion at Larger 
Scales

While conformal projections 
preserve shape at local 
scales, they can introduce 
significant distortion at larger 
scales, particularly in the 
polar regions.



Preservation of Area

Equal Area Projections

Map projections that preserve the 
relative size of landmasses and 
geographical features, ensuring 
accurate representation of the 
earth's surface area.

Accurate Area 
Representation

These projections maintain the 
true relative sizes of continents and 
countries, allowing for reliable 
analysis of land area and resource 
distribution.

Avoiding Distortion

In contrast, projections that do not 
prioritize area preservation can 
significantly misrepresent the true 
sizes of landmasses, leading to 
misunderstandings and skewed 
analysis.



Preservation of Distance

Direct Measurement

Some map projections preserve the true distance 
between points on the map. This allows for accurate 
measurement of distances, which is crucial for 
navigation, logistics, and urban planning.

Scale Variations

However, most map projections distort distances to 
some degree, with the amount of distortion varying 
based on location. Understanding these scale 
variations is essential when using a map for distance-
based applications.



Preservation of Direction

Maintaining Orientation

Map projections that preserve 
direction, like the Gnomonic and 
Stereographic projections, allow 
users to maintain their sense of 
orientation and navigate 
accurately.

Accurate Bearings

These projections ensure that 
compass bearings and directions 
are represented correctly, enabling 
precise navigation and route 
planning.

Consistent Directionality

The preservation of direction is 
crucial for applications like 
aviation, maritime navigation, and 
surveying where accurate heading 
information is essential.



Preservation of Scale

Maintaining Proportions

Map projections that preserve scale ensure that the 
relative sizes and distances between geographic 
features on the map match the real-world proportions. 
This is crucial for accurate representation of 
landmasses, distances, and spatial relationships.

Accurate Measurements

When scale is preserved, users can reliably measure 
distances and areas on the map, enabling them to plan 
routes, calculate travel times, and determine the size 
of regions with confidence.



Choosing the Appropriate Projection

1 Preservation of Shape

2 Preservation of Area

3 Preservation of Direction

4 Preservation of Distance

5 Preservation of Scale

When selecting a map projection, it is crucial to consider the specific attributes that need to be preserved based on 
the intended use of the map. The pyramid diagram highlights the key factors to evaluate, including shape, area, 
direction, distance, and scale. Careful consideration of these properties will ensure the chosen projection best meets 
the requirements of the application.



Factors to Consider

Geographic Extent

Consider the size and shape of the area being 
mapped. Different projections work better for local, 
regional, or global scales.

Intended Use

Determine if the map will be used for navigation, 
visualization, analysis, or other purposes to select 
the most appropriate projection.

Data Representation

Evaluate how the projection will affect the display 
of geographic data, such as shapes, distances, and 
directions.

Visual Aesthetics

Consider the visual appeal and intuitiveness of the 
projection, as this can impact the map's 
effectiveness for the end user.



Specific Use Cases

Navigation

Mercator's projection is essential 
for maritime navigation, preserving 
accurate compass bearings and 
distances.

Education

Conical projections with two 
standard parallels are often used in 
school atlases to illustrate large 
land areas with minimal distortion.

Thematic Mapping

Cylindrical equal-area projections 
are well-suited for visualizing data 
on a global scale, maintaining 
accurate relative area sizes.



Conclusion
In summary, the selection of the appropriate map projection is a 
critical step in effectively communicating spatial information. Each 
projection has unique attributes and properties that influence the 
representation of landmasses, oceans, and other geographic features. 
By understanding the tradeoffs between preserving shape, area, 
distance, direction, and scale, cartographers can make informed 
decisions to best suit the needs of their specific use case.



Summary of Key 
Concepts
This presentation has covered the fundamental principles and 
characteristics of various map projections, highlighting their unique 
attributes and applications. The key concepts discussed include the 
preservation of shape, area, distance, direction, and scale, as well as 
the factors to consider when choosing the appropriate projection for a 
specific use case.



Importance of 
Projection 
Selection
Choosing the appropriate map projection is crucial for accurately 
representing the Earth's surface on a flat medium. The selected 
projection significantly impacts how geographic features, sizes, 
shapes, and distances are portrayed, which is essential for various 
applications such as navigation, urban planning, and geospatial 
analysis.


