TITLE: Different Coordinate Systems – Concepts and Applications in Land Resources Management

1. Introduction – Why coordinate systems matter in land analysis (2 minutes)
• Coordinate systems as frameworks for describing locations and shapes.
• Why environmental scientists need them: mapping, field measurements, terrain modelling, remote sensing.
• Real-world motivation: “Same point, different coordinates” → a frequent issue in GIS and surveying.

2. Cartesian (Rectangular) Coordinate System (3 minutes)
• Axes, origin, and representation of points as vectors.
• Distance formula derived from the Pythagorean theorem.
• Angle definitions using basic trigonometry:
– relation to slope and direction in terrain.
• Applications in LRM: parcel geometry, land parcel measurements, spatial indexing.

3. Polar Coordinate System (3 minutes)
• Representation of a point as (r,θ)(r, \theta)(r,θ).
• Conversion between Cartesian and polar coordinates using trigonometric identities:
[image: ]
• Why polar coordinates are useful: radial measurements, orientation, modelling contours around wells or water sources.

4. Geographic Coordinate System (Latitude–Longitude) (4 minutes)
• Earth as an ellipsoid: why “flat” coordinates are not enough.
• Longitude (λ) and latitude (φ) as angular measures.
• Relation to trigonometry and spherical geometry.
• Problem of distortions in distance and area.
• Practical connection: GPS coordinates → always provided in geographic form.

5. Projected Coordinate Systems (3 minutes)
Introduce the idea that Earth’s curved surface must be projected into a plane.
a) UTM (Universal Transverse Mercator)
• Zone system (60 zones), meters instead of degrees.
• Why it is often used in land management:
– consistent scale within a zone,
– distances and areas are accurate.
b) National grid examples (optional)
• Any regional system the student wants to mention (e.g., EPSG projections used in Europe).

6. Transformations Between Coordinate Systems (3 minutes)
Show the connection with linear algebra.
a) Linear transformations in flat coordinate systems
• Rotation matrix:
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• Scaling and shearing as matrix operations.
b) Converting between Cartesian and polar systems (trigonometric transformations)
• Already shown above but revisited as part of the “big picture”.
c) Transformations between map projections
• Why they cannot be perfectly linear (Earth is curved).
• Yet local transformations often use:
– affine transformations,
– similarity transformations,
– least-squares fitting.

7. Applications in Land Resources Management (2 minutes)
Examples to make the talk engaging:
• Mapping land parcels collected with GPS (latitude–longitude) into a UTM map for area calculation.
• Drone mapping: converting pixel coordinates → geographic coordinates → projected coordinates.
• Designing irrigation systems using polar coordinates (radius and angle from a central pump).
• Analysing slopes by converting angle measurements into directional vectors.

8. Summary (1 minute)
• Different coordinate systems provide different advantages depending on the application.
• Linear algebra and trigonometry give the mathematical tools for converting between systems.
• Understanding coordinate systems ensures accurate maps, measurements, and land-use decisions.


https://pro.arcgis.com/en/pro-app/latest/help/mapping/properties/coordinate-systems-and-projections.htm
https://assets.hkoi.org/training2021/geom.pdf
https://www.esri.com/arcgis-blog/products/arcgis-pro/mapping/gcs_vs_pcs esri.com
https://content.esri.com/support/documentation/ao_/710understanding_map_projections.pdf
https://michaelminn.net/tutorials/gis-projections 
https://help.nearmap.com/kb/articles/1216-projections-and-coordinate-systems-and-the-importance-of-the-coordinates
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