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Geographic information
system

m System to acquire, store, transform,
analyze, display, share, archive
geographic information

m Geographic information

— Information about the specific
characteristics of places on or near the
Earth’s surface

— <X,z> where X Is a location in space-time
and z Is some set of general properties
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Standard coding schemes

= Music: MIDI, MP3

m Images: JPEG, TIFF, GIF
B FAX: CCITT

m Text: ASCII

= Planet Earth: ?
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World Geodetic
System of 1984

a=6378137/ m

1/f = 298.26

N\

Clarke Ellipsoid of 1866
a=6378206 m
1/f = 294.98
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Tobler’s First Law of
Geography

m All things are related, but nearby things
are more related than distant things
— Tobler, W.R., 1970. A computer movie

simulating urban growth in the Detroit
region. Economic Geography 46: 234-240.



Australia
Log{L{s}i=-13Log(s}+44

Soulh Alrica
Log(Lis))=-D4Log(s)+3.3

i CTEOATY
Log(L(s))=-.12Log(s)+3.7

Great Britain
Log(Liz))=-2Logs)+3.7

Log(L(z))

Portugal
LogiLia)}= 12Logfa)13.1
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A grand challenge of GIS

m To create useful, comprehensive digital
representations of the enormous
complexity of the Earth’s surface in the
limited space of a digital store, using a
binary alphabet



“Imagine, for example, a young child going to a
Digital Earth exhibit at a local museum. After
donning a head-mounted display, she sees Earth
as it appears from space. Using a data glove, she
zooms In, using higher and higher levels of
resolution, to see continents, then regions,
countries, cities, and finally individual houses,
trees, and other natural and man-made objects.
Having found an area of the planet she Is
Interested in exploring, she takes the equivalent of
a ‘magic carpet ride’ through a 3-D visualization of
the terrain.”



Is Digital Earth feasible?

= 500,000,000 sg km

— 5 million at 10km resolution
—500,000,000,000,000 at 1m resolution

500,000,000,000,000
500,000,000 seconds
138,888 hours

69.4 working years



The LS ratio

m Computer screen - 1000

m Digital camera - 1500

® Remotely sensed scene - 3000
m Paper map - 5000

= Dimensionless

= Log,,L/S In range 3-4

= Human eye - 10,000



The quadtree

m Recursive subdivision
— variable depth depending on local detall




Grids on the globe

m Impossible to tile a cur
squares

= Five Platonic solids
— tetrahedron: 4 triangles
— Cube: 6 squares
— octahedron: 8 triangles
— dodecahedron: 12 pentagons
— Icosahedron: 20 triangles
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Octahedron: 1 base 8 digit plus unlimited base 4 digits




Discrete global grid
based on the
lcosahedron (20
triangles, 1:4
recursive
subdivision)

Ross Heikes and
David Randall,
Colorado State
University

Construction ol a simple Ieosahedral grid

a) Suppose we have an icosahediron inscribed inside of aunit sphere.

b} Biseeting each edge forms 30 new vertlees, and partitions each equilateral face indo
fowr pieces.

&) Project the new veriees onto the undt sphere.

d) Hisect and paoctition again

2] Project again,

f) And g0 on.... The remlt is a sequence of polyhedrnns that increasingly apprmyimate
the sphere,




Comparison of Criteria for the Assessment of Global Grids

Criteriain
Goodchild (1994)

Criteriain Kimerling et al. (1999) (Goodchild's
Numbers given in parentheses)

1. Each area contains one point

Areal cells constitute a complete tiling of the globe, exhaustively covering the globe without
overlapping. (3,7)

2. Areasareequal insize

Areal cells have equal areas. This minimizes the confounding effects of areavariation in analysis, and
provides equal probabilities for sampling designs. (2)

3. Areas exhaustively cover the domain

Areal cells have the same topology (same number of edges and vertices). (9, 14)

4. Areas are equal in shape

Areal cells have the same shape. ideally aregular spherical polygon with edges that are great circles.
(4)

5. Points form ahierarchy preserving
some property for m < n points

Areal cells are compact. (10)

6. Areas form a hierarchy preserving
some property for m < n areas

Edges of cells are straight in a projection. (8)

7. The domainisthe globe (sphere,
spheroid)

The midpoint of an arc connecting two adjacent cells coincides with the midpoint of the edge between
the two cells.

8. Edges of areas are straight on some
projection

The points and areal cells of the various resolution grids which constitute the grid system form a
hierarchy which displays a high degree of regularity. (5,6)

9. Areas have the same number of edges

A single areal cell contains only one grid reference point.(1)

10. Areas are compact

Grid reference points are maximally central within areal cells. (11)

11. Points are maximally central within
areas

Grid reference points are equidistant from their neighbors. (12)

12. Points are equidistant

Grid reference points and areal cells display regularities and other properties which allow them to be
addressed in an efficient manner.

13. Edges are areas of equal length

The grid system has a simple relationship to latitude and longitude.

14. Addresses of points and areas are
reqular and reflect other properties

The grid system contains grids of any arbitrary defined spatial resolution. (5,6)
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