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Chapter 5
Making Choices about Geospatial Database Development
 Table 5.1. Spatial Data Construct Types Associated with Data Models

	
	Logical Data Models

	Spatial Data Construct Type
	Raster Data Models
	Vector Data Models

	
	Image
	Grid
	TIN
	Shapefile
	Coverage
	Geodatabase

	Image cell
	X
	
	
	
	
	X

	Grid cell
	
	X
	
	
	
	X

	Point
	
	
	
	X
	X
	X

	Multipoint
	
	
	
	X
	
	X

	Node
	
	
	X
	
	
	

	Segment/ Polyline
	
	
	
	X
	X
	X

	Link
	
	
	X
	
	
	

	Chain / Arc
	
	
	
	
	X
	

	Face
	
	
	X
	
	
	

	Tic 
	
	
	
	
	X
	

	Annotation
	
	
	
	X
	X
	X

	Simple junction
	
	
	
	
	
	X

	simple edge
	
	
	
	
	
	X

	Complex junction
	
	
	
	
	
	X

	Complex edge
	
	
	
	
	
	X

	Section
	
	
	
	
	X
	

	Route
	
	
	
	
	X
	

	Ring
	
	
	
	X
	
	X

	Polygon
	
	
	
	X
	X
	X

	Region
	
	
	
	
	X
	

	Network
	
	
	
	
	X
	X


Table 5.2. Spatial, Logical, and Temporal Relationships Underlying Operation Activity

	
	Data models

	Relationship
	Image
	grid
	TIN
	Shapefile
	coverage
	geodatabase

	Spatial Distance & Geometry
	Derived
	 derived
	 derived
	Derived
	 derived
	 derived

	Spatial Topologic

Explicit/implicit
	Implicit
	implicit
	Explicit
	Derived
	explicit
	explicit

	Connectedness
	Implicit
	implicit
	Explicit
	Derived
	explicit
	explicit

	Adjacency
	Implicit
	implicit
	Explicit
	Derived
	explicit
	explicit

	Containment
	derived
	derived
	Explicit
	Derived
	explicit
	explicit

	Function Logic
	derived
	derived
	Derived
	Derived
	derived
	rules stored

	Temporal Logic
	derived
	derived
	Derived
	Derived
	derived
	rules stored

	
	
	
	
	
	
	


Key:

implicit – stored as part of the geometry, easily derived

explicit – stored within a field, easily processed

derived – information computable, but time consuming

none – cannot be processed from available information

Table 5.3. Data Types

Numeric 

Integer – positive or negative whole number, usually 32 bits

Long Integer – positive or negative whole number, usually 64 bits

Real (floating point) – single precision decimal number

Double (floating point) – double precision decision number

Character (text string) – alpha-numeric characters

Binary – numbers stored as 0 or 1 expression

Blob/Image – scanned raster data of usually very large size

Geometry shape (Figure 5.2 are all shapes)

Table 5.4. Geodatabase Database Design Process as Data Modeling

Conceptual Design of a Database Model

Identify the information products or the research question to be addressed

Identify the key thematic layers and feature classes.

Detail all feature class(es)

Group representations into datasets

Logical Design of a Database Model

Define attribute database structure and behavior for feature classes

Define spatial properties of datasets

Physical Design of a Database Model

Data field specification

Implementation

Populate the database

Table 5.5. Simplified Value Structure for a Green County Database

	Value
	Goals/ Target
	Objective
	Criterion for Site Suitability from Table 3.2

	Community financial frugality is important.
	Less than 365 meters
	Minimizing the elevation leads to lower pumping costs
	Elevation measured in meters

	Community environmental health is important.
	Outside the 100 year  floodplain 
	The farther outside (up to a limit)  the floodplain the less susceptibility to ecosystem degradation
	Floodplain measured as elevation below mean sea level 

	Financial frugality is important.
	Lowest engineering costs possible translated as 1000 meters of river.
	The closer to the river the less cost to build outflow piping
	Within 1000 meter distance of river.

	Community environmental health is important.
	Human health is protected when site is at least 150 meters from property.
	The farther from residential property the healthier the residents 
	Euclidean distance in meters from residential property.

	Green County landscape aesthetics are important.
	At least 150 meters from parks.
	The farther from park property the better preservation of park aesthetics 
	 Euclidean distance in meters from parks.

	Green County has some available property to serve as a location.
	On vacant land.
	Identify all vacant land parcels as an initial qualifier
	Land vacancy.

	Financial frugality is important.
	Within 1000 meters of the wastewater pipe junction.
	The closer to an existing wastewater pipe of appropriate diameter the better
	Euclidean distance to wastewater pipe junction in meters.

	Financial frugality is important.
	Within 50 meters of a road.
	The closer to an existing roadway the better
	Euclidean distance to roads in meters.

	Provide for needs of future residents, businesses, and industry.
	At least 150,000 square meters.
	Only those vacant land parcels large enough will do
	Square meters of parcels.

	Additional concerns

	Clean water is needed for a healthy Green County community
	Locate site within 1000 meters of large gray water users.
	Maximize the availability of gray water
	Euclidean distances to large gray water users in meters.

	Appropriate river flow makes for a healthy river.
	River flows within 70-90 thousand cubic feet per second range are most preferred.
	Min and max river flow should not fall outside of 20,000 – 110,000 cubic feet per second
	River flows cubic feet per second.

	Healthy fish communities help form a healthy human community.
	Minimize the impacts on steelhead trout, no more than 1 trout in 1000 to be impacted.
	Maximize the improvement of water quality for all fish 
	No more than X steelhead trout in X to be impacted.


Table 5.6. Geographic Information Categories and Data Layer Needs for the Original Green County GIS Project and an Enhanced GIS Project

	Geographic Information Needs

(based in part on Table 3.2)

 original Green County Project

+ enhanced Green County Project
	Geographic Data Layer

(based in part on Table 3.2)

 original Green County GIS Project

+ enhanced Green County GIS Project 

	Basemap

Environmental characteristics

+ Soil characteristics

 Topography

 Water courses

 Land cover/use
+ Natural hazards

 Ecologically sensitive areas

Infrastructure characteristics 

+ Buildings

 Transportation
 Utilities

+ Other utilities
Land designations

+ Zoning

Land administration

+ Boundaries

Land ownership

+ Boundaries


	Coordinate reference system

+ Layer: Soil series

Source: NRCS

Map use: display and analysis of soil characteristics

 Layer: Elevation (DEM)

Source: Greenvalley DOT; USGS 

Map use: display and analysis of topographic terrain 

 Layer: National Hydrographic Dataset

Source: Green County; USGS and EPA

Map use: display and analysis of surface water flows and water quality

Layers: 
 Parcel boundaries

 Land use  
+ Site address 

Source: City of Greenvalley

+ Vegetation/Land cover

Source: Multiple agencies (EPA, USGS, BLM, various state agencies)

Map use: display and analysis of vegetation land cover

Layers: 

+ Geohazards

+ Floodplain areas

+ Tsunami-prone areas

+ Historic wildfires

Source: multiple agencies including USGS, US Forest Service, state agencies

Map use: display and analysis of natural hazard risk

Layers:

 Wetlands/Lowlands
 Parks

Source: City of Greenvalley

+ Protected areas

+ Protected habitats

Sources: multiple agencies including USGS, EPA, US Forest Services, GAP-Analysis program, state agencies

Map use: display and analysis

Layers:

+ Building footprints

 Roads

 Streets

 Sewer lines
Source: City of Greenvalley
+ Gas and electricity lines

+ Water lines

+ Ground water wells

+ Septic tanks

+ Landfills

Source: various local land use and planning management agencies, DOT, local utility providers

Map use: display and analysis

+ Layers: Restrictions on uses

Source: local land use planning and management agencies

Map use: display and analysis

Layers:

+ Administrative areas

+ Cadastral framework (Public Lands Survey System – PLSS)

Sources: U.S. Census Bureau, local and regional land surveys

Map use: display and analysis

Layers:

+ Ownership and taxation

+ Parcel boundaries

+ Survey network

Source: local land use planning and management agencies, local land surveys

Map use: display and analysis




- The facilities will be located on land parcels, with compatible land use 


- Streams/River should be far enough away from the facility


- Street network will service the facility







Figure 5.1. Simplified entity-relationship diagram showing only entity classes (boxes) with attributes (on the right side after lines), and showing no relationships.
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Image pixel - a high resolution sample of a surface that contains only a color value
(e.g., pixels for scanned map, aerial photo, satelite image)

Grid cell - coarse resolution sample of a surface
Point — spatial position specific using coordinate
Multipoint - a collection of points that represent one feature

Node - topological connection among three or more links or chains

‘Segment - direct connection between two point

multiple line segments is a polyline
Link - direct topological connection between two nodes

Face - surface within triangle links as part of a triangulated irregular network

TIC - transect interaction coordinate

Annotation — descriptive textual information
Chain / Arc — sequence of line segments (coordinates) with nodes at ends.

Simple junction - logical connection between two edges
Complex junction — logical connection with behavior between two or more edges
Simple edge - same as a link

Complex edge — multiple edges collection as a sequence

Section ~ line segment(s) with reference information

Route - sequence of sections descrbied with a single name

Ring — one or more chains closed to form a boundary

Polygon — an interior area bounded by a ring

Region - features composed of polygons that can be discontinuous

Network — a collection of links and/or chains with defined routes




Figure 5.2. Common geospatial data construct types for raster and vector data models.

Based on National Institutes for Standards and Technology (1994) and Zeiler (1999).
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Figure 5.3. Physical schema specification for data types depicted using MS Office Visio UML class properties.
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Figure 5.4. Land feature dataset package in the Green County conceptual database design.
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Figure 5.5. Data type specifications for land parcel data depicted with MS Office Visio UML class properties.
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Figure 5.6. ObjectID for the primary key depicted with MS Office Visio UML class properties.
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