Reference Systems
Three types of coordinate systems: Lat/Long, UTM, State Plane?

World Geodetic Survey (WGS 1983) - U S Dept of Defense

- Remeasured earth shape and horizontal positions on it in 1983 using satellite system

- Global Positioning System - constellation of satellites - 26 originally – horizontal and vertical datums

- Positions can be measured anywhere on earth in terms (Longitude, Latitude, elevation)

- Reference objects – (physical) geodetic control monuments in survey – triangulation diagram Figure 2.1
- Longitude, Latitude (elevation is important, but not as relevant right now) Figure 2.2 
Coordinate reference system to cover a large area, e.g. the entire earth if needed

reference is to a 2D "curved surface" 

Easier to work with 2D planar surfaces 


need "flat" i.e., planar, coordinate systems

work with Euclidian geometry rather than trigonometry for computations

Map projections (coordinate transformations) 

- convert curved 2D spatial reference (Lon, Lat) to planar 2D spatial reference (x,y)

Two popular coordinate transformations in US urban-regional GIS: UTM and State Plane

Universal Transverse Mercator (UTM) 


60 zones of 6 degrees longitude around earth (zones 10-19 cover US - see Figure 2.3)


actually, more for regional work than urban work because distortion on plane is greater

State Plane Coordinate System


zones for every state (see Figure 2.4)


East and West zones for Illinois – Transverse Mercator projection (See Figure 2.5)


North and South zones for Washington State – Lambert Conformal Conic projection (See Figure 2.6)
Three types of surveys: geodetic, cadastral (PLSS) control, local property survey? 

1) Geodetic Survey - for spatial reference across large land areas

2) Cadastral Land Survey - for spatial reference of large (public) land areas

3) Local Property Survey - for measuring boundaries of a private property 

Surveys are different than coordinate systems

Surveys measure inter-object distances between objects located on a surface

Coordinate systems lay out abstract numbering system (2D or 3D) for representing dimensions of space

1) Geodetic Survey - a triangulation network covers land masses to establish spatial reference (Figure 2.1)

- Geodesy - a subdiscipline of science/engineering to measure the shape of the earth

- Measurements on Earth surface establish geodetic control monuments


Monument is a "spatial reference object" - something you can see


e.g., brass disc pounded into the ground to make sure it stays and others can find it

- Network of control monuments is established to cover a large surface, 

e.g., North America, Europe, South America, Asia

- 3 points (monuments) as vertices of a triangle define a planar surface

- Collection of triangles to cover a surface as a "datum", i.e., a "reference surface"

e.g., North American Horizontal Datum (1927, 1983)

- a horizontal datum (1983) and a vertical datum (1988) exist

- Triangles can bend along the edges of the control network 

- As needed to approximate entire "planar surface"

- piece-wise planar surfaces for representing surface of continents

- Example control network triangulation map of Alaska

- With the datum we associate coordinates Longitude and Latitude

- Location of a monument can be represented as a coordinate point expressed in terms of Longitude and Latitude 

2) Cadastral Land Survey - for spatially referencing (bounding) large (public) land areas

Cadastral surveys are of two types in U. S. (See Figure 2.8)

a) Metes & Bounds - non-systematic (feature-based) approach to land partitioning

b) U. S. Public Land Survey System (PLSS)  - systematic approach to land partitioning

USPLSS - many surveys across the country (See Figure 2.9)

USPLSS started by George Washington - a topographer (land surveyor mapper) by profession

After American Revolution, US government was broke in terms of cash, but rich in land resources

Sell property to pay soldiers and fill US Treasury

Survey started in Ohio Valley - five surveys started (to get it right)

Northwest Ordinance Survey of 1785

Willamette Survey covers Oregon and Washington

- Each survey starts from initial point (See Figure 2.10)
Intersection of principal meridian of longitude and base line of latitude

Principal Meridians and Base Lines http://www.ca.blm.gov/pa/cadastral/meridian.html
 

- Townships are enumerated in north-south and east-west directions 
- Township - composed of 36 sections numbered in serpentine manner (See Figure 2.11)

Township 6 miles by 6 miles on side

Sections "theoretically" 1 mile by 1 mile on each side, i.e., square mile (See Figure 2.12)
- Section subdivisions: 1/2 sections, 1/4 sections, and 1/4 1/4 sections (1/4 1/4 is 40 acres)



Section corners marked with monuments (See Figure 2.13)



Section can contain metes & bounds surveys (local property surveys) (See Figure 2.14)

City of Seattle 1/4 section map tile library (See Figure 2.15)
