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Data models in physical geography

* Basic GIS data models:
— vector, raster or hybrids

* Which data model is most appropriate?
— discrete data: use vector
* e.g.rivers, contours, soils, data points
— continuous data: use raster
* e.g. elevation, slope, rainfall, reflectance

— other data types: hybrids?

Vector Data Model

. Line: x1,y1: x2,y2

Area/Polygon
x1,y1:x2,y2:x3,y3:x4,y4:x1,y1

. northings and eastings

Ltigl] LS - gdad deala - Jaad Ly
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Vector Data Model
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Vector Data Model
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ALSO: Vector data structure
for terrain mapping and analysis

Triangulated Irregular Network
(TIN)

Approximate surface with a set
of non-overlapping triangles

Constructed using Delaunay
Triangulation

X,Y, Z values and edges

4 o192 shal) Jaualdil) (oS5 dilas
Building topology
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Topology Topology

Topolo
Non-Topological Data Structures pology
. Relationships between objects
Do not always require topology

CAD - DXF Based on Graph Theory (study of geometric

objects and relationships
SHETE IS ) Ps)
. . 3 basic relationshi

No files to describe topology! asic refationships
Connectivity (arcs connected at nodes;
X,Y co-ordinates only v ( )

ographic Information
ographic Information

Area Definition (arc connections define area
Topology can be built ‘on-the-fly’ ( )

e 2 ar gl sl Contiguity (left and right direction)

Data Structures - Topological

Ltigl] LS - gdad deala - Jaad Ly
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Topology

Topology

A primary advantage of shapefiles is that this simple file structure
draws faster than a coverage does. This may be why the shapefile
data structure was developed for ArcGIS, a software program that was
originally designed for data viewing rather than analysis.

In addition, shapefiles can easily be copied and do not require
importing or exporting as do .e00 format files. The shapefile
specification is readily available, and a number of other software
packages support it.

These reasons have contributed to the emergence of the shapefile
as a leading GIS data transfer standard. However, these advantages

do not fully explain the resurgence of a nontopological data structure.

ographic Information

ographic Information
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Topology

A shapefile is a nontopological data structure that does not
explicitly store topological relationships.

However, unlike other simple graphic data structures, shapefile
polygons are represented by one or more rings. Aring is a
closed, -self-intersecting loop.

This structure can represent complex structures, such as
polygons, that contain "islands." The vertices of a ring maintain a
consistent, clockwise order so that the area to the right, as one
"walks" along the ring boundary, is inside the polygon, and the

area to the left is outside the polygon.

Topological Digitizing

One of the primary reasons topology was developed was to provide a
rigorous, automated method to clean up data entry errors and verify
data. The typical digitizing procedure is to digitize all lines, build
topology, and label polygons and then clean up slivers, dangles, and
under- and overshoots and build topology again, repeating the clean and
build phases as many times as necessary

Arc GIS supports such feature-centric digitizing through the Append
Polygon, Split Polygon, and Split Line tools. With these tools users can
add a polygon (or line) adjacent to an existing polygon and have
boundaries match perfectly. ArcGIS also supports topological editing of

shared boundaries or nodes through the manipulation of vertices.
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File Sizes No Longer an Issue

A second oft-cited advantage of topological data structures is smaller
file sizes because shared vertices of adjacent polygons are not stored
twice.

Theoretically these files should be up to half the size of
nontopological files. In practice however, shapefiles are rarely twice as
large as the same data stored in coverages, in part because coverages
require additional files to store the topological information. Attribute
tables are often a large proportion of the overall file size but are the
same size regardless of how feature geometry is stored.

Moreover, although storage was often an important consideration in
the past, the current low cost of storage means that for most GIS users
storage space is not a constraint.
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Finding Adjacent Features

The most pervasive misunderstanding about shapefiles is that
because topology is not explicitly stored, adjacent features cannot be
found.

However, adjacent features can easily be found by intersecting
target polygons with other polygons in the same map and identifying the
points of intersection of polygons that touch boundaries or overlap.

The geometric intersections of adjacent features are calculated on
the fly by comparing the vertices of adjacent features rather than
looking up adjacent features in a table.
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Raster Data Model

Raster / Grid / Tessellation (regular)

Columns (j)

Image: number (0-255) or 8-bit

GIS: number (code)
Addressing can be used to
manipulate data store in each cell
e.g. digital image processing

Row, column or X,y numbers
provide
Rot

an address for each cell e.g.
1,1;33

e.g. mat (2,2) = 32
Multiple matrices e.g. bands

images
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Raster Data Model

Data Structures for Raster files
Cell values written - cell-by-cell encoding
Also: Run Length Encoding (homogenous areas)

Also: Chain Codes, Block Codes, Quadtrees (2D

features)
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Raster Data Model

Airborne & Satellite Imagery
canned aerial photographs
canned images, maps,

phics

Often used as backdrops for

gitising, context
May be geocorrected (image
ittéd or warped to a map
(geometrically or planimetrically
correct)

COUNT TYPE AREA | CODE
9 Forest land [ 8100 [FLO10
2 5 Wetland 4500 'WLO01|
— 3 El Crop land [ 5100 [CL301
4 11 Urban 9900 | ULO40
MoData
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Vector and Raster Digital Terrain 4= ) gl zilai -2
Modeling and Analysis (DTM)

Digital Terrain 4l ghadl zdlai Digital 4ad )l cdelii ¥ g ilai -3
Modeling and Analysis (DTM) Elevation Models and Analysis (DEM)
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Foreign keys are identifiers that enable a dependent
relation (on the many side of a relationship) to refer to its
parent relation (on the one side of the relationship)
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Joining and relating tables

Destination table Source table

Data Management Operations

* Joins
— Associating two or more tables based on a
common field (key)

I Wi
147244 65 Mortans
2161925 Marie

70812066 Nosh Dekcta

Join tables on
common field
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Shapa | AD_| Gounty County | B Shepe | FID_| LU_Gode W-Gode | Description

Foygon| 1| Aoke ke [T T Singh Family

Forgon| & | foowa Rove |2 5 [agrae

Pokgon[ 3 | Mowata Nowata | 1 | Commarzial

sgraphic Information
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Joining in this way yields a table capable of being mapped; reversing
the source and destination labels yields only a stand alone table.
Why?
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