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Chapter 6
Fundamentals of GIS-Based Data Analysis for Decision Support
Table 6.1. Spatial Data Transformations by Geospatial Data Types

	             TO:
	   Points                           Lines                              Polygons                            Fields

	FROM:

   Points

   Lines

   Polygons

   Fields
	

	
	Points->Points
	Points->Lines
	Points->Polygons
	Points->Fields

	
	Lines->Points
	Lines->Lines
	Lines->Polygons
	Lines->Fields

	
	Polygons->Points
	Polygons->Lines
	Polygons->Polygons
	Polygons->Fields

	
	Fields->Points
	Fields->Lines
	Fields->Polygons
	Fields->Fields


Table 6.2. GIS Data Analysis Operations for Computing Point-Based Spatial Relationships

	Transformations
	       Points->Points                  Points->Lines                Points->Polygons            Points->Fields

	Relationships

Connectedness

Adjacency

Containment 

Proximity   

Overlap

Pattern

Flow
	

	
	Select by Location: point features that intersect with point features


	Locate Features along Routes

Select by Location: point features that intersect with line features 


	Select by Location: point features that intersect with polygon features 
	Spatial Interpolation

	
	
	
	
	Spatial Interpolation



	
	Select by Location: point features that have their center in OR are contained by point  features


	Overlay Intersect

Point-on-Line

Select by Location: point features that have their center in OR are contained by line  features


	Overlay Intersect

Point-on-Polygon

Select by Location: point features that have their center in OR

are contained by OR are completely within polygon features


	Neighborhood

Point Statistics

	
	Point Distance, Near,

Buffer

Select by Location: point features that are within a distance of point features 


	Near, Buffer

Select by Location: point features that are within a distance of line features 
	Buffer

Select by Location: point features that are within a distance of polygon features 


	Map Algebra:

Neighborhood Operations

	
	Merge

Select by Location: point features that are identical to  point features 


	Overlay Intersect

Point-on-Line,

Locate Features along Routes


	
	Map Algebra

Zonal Operations

	
	Point Pattern 

Spatial Statistics:

Average Nearest Neighbor, Moran’s I, General G


	
	
	Point Density,

Kernel Density,

Spatial Interpolation

	
	
	Network Analyst:

   New Route,

   Create Network

   Location,

   Solve (shortest 

   Path)
	
	Path Distance,

Path Allocation,




Table 6.3. GIS Data Analysis Operations for Computing Line-Based Spatial Relationships

	Transformations
	    Lines->Points                 Lines->Lines                   Lines->Polygons           Lines->Fields

	Relationships

Connectedness

Adjacency

Containment 

Proximity   

Overlap

Pattern

Flow
	

	
	Select by Location: line features that intersect with point features 


	Overlay Intersect

Line-on-Line

Select by Location: line features that intersect with line features 


	Overlay Intersect

Line-on-Polygon

Select by Location: line features that intersect with polygon features 


	Euclidean Distance, Path Distance

	
	
	Select by Location: line features that share a line segment OR touch the boundary with line features


	Select by Location: line features that share a line segment OR

touch the boundary with polygon features


	

	
	
	Select by Location: line features that have their center in  OR are contained by line features


	Overlay Intersect

Line-on-Polygon

Select by Location: line features that have their center in OR are contained by 

OR are completely within  polygon features


	

	
	Buffer

Select by Location: line features that are within a distance to point features


	Buffer

Select by Location: line features that are within a distance to line features


	Buffer

Select by Location: line features that are within a distance to polygon features


	

	
	
	Merge

Overlay Intersect

Line-on-Line,

Locate Features along Routes

Select by Location: line features that are identical to line features


	
	

	
	
	Directional Mean,

Directional Distribution
	
	Neighborhood

Line Statistics

	
	
	Network Analysis:

   New Route,

   Create Network

   Location,

   Solve (shortest 

   Path)
	
	


Table 6.4. GIS Data Analysis Operations for Computing Polygon-Based Spatial Relationships

	Transformations
	 Polygons->Points             Polygons->Lines           Polygons->Polygons      Polygons->Fields

	Relationships
Connectedness

Adjacency

Containment 

Proximity   

Overlap

Pattern

Flow
	

	
	Select by Location: polygon features that intersect with point features 
	Select by Location: polygon features that intersect with line features 


	Overlay Intersect

Polygon-on-Polygon

Select by Location: polygon features that intersect with polygon features 


	

	
	
	Select by Location: polygon features that share a line segment OR

touch the boundary with line features


	Merge

Select by Location: polygon features that share a line segment OR

touch the boundary with polygon features OR dissolve a common boundary

	

	
	
	
	Clip, Select

Select by Location: polygon features that have their center in OR contain OR completely contain OR are contained by OR are completely within  polygon features


	Raster Clip

	
	Buffer

Select by Location: polygon features that are within a distance to point features


	Buffer

Select by Location: polygon features that are within a distance to line features


	Buffer

Select by Location: polygon features that are within a distance to polygon features


	

	
	
	
	Polygon overlay: Intersect, Union,

Identity, Update

Merge

Select by Location: polygon features that are identical to polygon features


	

	
	
	
	Spatial Statistics:

Moran’s I

General G
	

	
	
	
	
	


Table 6.5. GIS Data Analysis Operations for Computing Field-Based Spatial Relationships

	Transformations
	    Fields->Points                   Fields->Lines                 Fields->Polygons             Fields->Fields

	Relationships

    Connectedness

    Adjacency

    Containment 

     Proximity   

    Overlap

    Pattern

    Flow
	

	
	
	
	
	Map Algebra, Distance, Zonal operations

	
	
	
	
	Map Algebra, Neighborhood operations

	
	Extract (cells) by Points
	
	Extract (cells) by: Circle, Polygon
	Map Algebra, Zonal, Neighborhood operations

	
	
	
	
	Map Algebra, Distance operations

	
	Extract (cells) by Points
	
	Extract (cells) by: Circle, Polygon
	Map Algebra, Local, Multivariate operations

	
	
	
	
	Map Algebra

	
	
	
	
	Flow Direction, Flow Accumulation


Table 6.6. Representation Model of Information Needs, Data Requirements, and Data Operations

	Information Need 

based in part on Table 3.2

* basic stakeholder need

+ enhanced need
	Data Requirement 

* basic stakeholder data

+ enhanced data
	GIS Operations



	Environmental characteristics

* Close to water course

* Topography - Below 365 feet 

* Land cover/use

*/+Natural hazards

*Ecologically sensitive areas

+ Soil characteristics

Infrastructure characteristics 

+ Buildings

* Transportation

* Utilities

Land designations

+ Zoning 

Land administration

+ Boundaries


	Layer(s): 

* rivers

Source: Green County’s State DOT

+ National Hydrography Dataset

Source: USGS and EPA

Layer: 

* Elevation (DEM)

Source: Green County DOT; USGS 

Layers: 

* Parcel boundaries

* Land use  

Source: City of Green County

+ Vegetation/Land cover

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

Layers: 

+ Geohazards

* Floodplain areas

+ Tsunami-prone areas

+ Historic wildfires

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

Layers:

* Lowlands/Wetlands

* Parks

Source: City of Green County

+ Protected areas

+ Protected habitats

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

+ Layer: Soil series

Source: National Resource Conservation Service

Layers:

+ Building footprints

* Roads

+ Streets

* Sewer lines

Source: City of Green County

+ 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


	*Define Coordinate System  
* Project to City Coordinate System; * Export to Geodatabase

+ Define Coordinate System

*Define Coordinate system

*Merge tiles into geodatabase feature class  

+Identify appropriate coordinate system

*None needed

*Define coordinate system

*Update with new historic park
+Define coordinate system

+Select from Soil series stable soils

None needed

None needed

+Identify appropriate coordinate system

+Identify appropriate coordinate system

+Identify appropriate coordinate system

+Identify appropriate coordinate system




Table 6.7. Process Model Information Needs, Data Requirements, and Data Operations

	Information Need 

based in part on Table 3.2

* basic Green County need

+ enhanced Green County need
	Data Requirement 

* basic Green County data

+ enhanced Green County data
	GIS Operations 



	Environmental characteristics

* Water courses

+Noise, Smell

* Topography

        *Critical resource areas

*/+ Land cover/use

*/+Natural hazards

        + Soil characteristics
	Layer(s): 

* rivers

Source: Green County’s State DOT

+ National Hydrographic Dataset

Source: USGS and EPA

Layer:

Location based noise measurements at sample locations

Layer: 

* Elevation (DEM)

Source: Green County DOT; USGS 

Layers:

* Lowlands/Wetlands

* Parks

Source: City of Green County

+ Protected areas

+ Protected habitats

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

Layers: 

* Parcel boundaries

* Land use  

+ Site address 

Source: City of Green County

+ Vegetation/Land cover

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

Layers: 

+ Geohazards

* Floodplain areas 

+ Tsunami-prone areas

+ Historic wildfires

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

+ Layer: Soil series

Source: National Resource Conservation Service


	Overlay Analysis 

*Proximity – exclude from

      Buffer: river   

+ Select critical water courses

+Overlay Analysis 

   *Proximity – delineate    

     inclusionary zones

Buffer

*Extract by Attributes (from DEM-based grid) 

*Transform (extracted zones) from Raster to Polygon

*Proximity Operations

Buffer (lowland polygon)

*Overlay: Intersect river buff  with

   lowland

*Buffer Wetlands and Parks     

+Buffer protected areas and habitats

Analysis-Extract Operations

      *Select residential parcels

      *Merge parcels with park

Proximity Operations

      *Buffer residential and park     

Proximity

   *Buffer natural hazard areas to

     create exclusionary zones

   *Buffer vegetation/landuse 

     categories to create exclusionary 

     zones

Overlay Analysis 

   + Intersect stable soils with 

      buffered hazards and 

      vegetation/landuse categories




Table 6.8. Scenario Model Information Needs, Data Requirements, and Data Operations

	Information Need 

based in part on Table 3.2

* basic Green County need

+ enhanced Green County need
	Data Requirement 

* basic Green County data

+ enhanced Green County data
	GIS Operations 



	*Suitable Parcels

+ Increase/decrease flow in water courses (cubic feet per second)

+ Increase/decrease in habitat (acres)

+ Increase/decrease average number of sick days


	Layers: 

* Parcel boundaries 

* Land use 

Source: City of Green County

Layer(s): 

+ National Hydrographic Dataset

+ DEM

+ Unified Rain Gauge Dataset

Source: USGS, EPA, NOAA

Layers:

+ Protected areas

+ Protected habitats

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

+layer representing expected number of sick days per each zone around the plant; based on the distribution of population near plant and susceptibility rates to plant-caused health problems


	Spatial Queries: Select by Location

* Select parcels completely within critical buffer; then switch selection

* Select parcels that are within a distance of: 

       Roads at 50 meters

       Wastewater piping junction at  

       500 and 1000 meters

+Hydrology Toolset: Flow Accumulation tool

+Rational method model implemented with Map Algebra

+Attribute Table Field Statistics 

· Frequency

· Summary Statistics (mean, mode, median,)

+Spatial interpolation 




Table 6.9. Change Model Information Needs, Data Requirements, and Data Operations

	Information Need 

based in part on Table 3.2

* basic Green County need

+ enhanced Green County need
	Data Requirement 

* basic Green County data

+ enhanced Green County data
	GIS Operations



	+Employment/Population growth projections

+Wastewater production from community use (based on employment and population growth projections)

+Water quality degradation rate by section of stream


	Layers:

+ Administrative areas

+ Cadastral framework (Public Lands Survey System – PLSS)

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

Layer: 

+ Data set based on engineering standards for water resources.

Source: USGS and EPA

Layer: 

+ Sample from field

Source: USGS and EPA
	+Extract Operations

· Clip

· Select 

· Split

+Spatial and Attribute Query;

Selection:

· by attribute 

· by location

· by graphics

+Deterministic formulas implemented in ArcMap’s field calculator 

+Water quality models; output visualized in GIS


Table 6.10. Impact Model Information Needs, Data Requirements, and Data Operations

	Information Need 

based in part on Table 3.2

* basic Green County need

+ enhanced Green County need
	Data Requirement 

* basic Green County data

+ enhanced Green County data
	GIS Operations 



	+Wastewater production increase over the current level (based on employment and population growth change)

+Water quality degradation by section of stream


	Layer: 

+ Increase/decrease of wastewater production per area unit

Source: engineering wastewater production tables, EPA

Layer: 

+ Field sample

Source: USGS and EPA
	+Map Algebra Operations, or

+ArcMap’s field calculator 

+Water quality models; output visualized in GIS    


Table 6.11. Decision Model Information Needs, Data Requirements, and Data Operations

	Information Need 

based in part on Table 3.2

* basic Green County need

+ enhanced Green County need
	Data Requirement 

* basic Green County data

+ enhanced Green County data
	GIS Operations 



	*Highly Suitable Parcel

* Parcel Recommendation

+ Increase/decrease flow in water courses (cubic feet per second)

+ Increase/decrease in habitat (acres)

+ Increase/decrease average number of sick days

+Wastewater production increase over what currently exists (based on employment and population growth change)

+Water quality degradation by section of stream
	Layers: 

* Parcel boundaries 

* Vacant land use 

Source: City of Green County

* Parcel boundaries 

* Parcel size 

Source: City of Green County

Layer(s): 

+ National Hydrographic Dataset

Source: USGS and EPA

Layers:

+ Protected areas

+ Protected habitats

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

+layer representing expected number of sick days per each zone around the plant 

Layer: 

+ Engineering standards for water resources.

Source: USGS and EPA

Layer: 

+ Field samples

Source: USGS and EPA
	*Select by Location:

Select the parcels within a distance of 50 meters to road and within a distance of 500 meters to junction

+Select adjacent parcels touching their boundaries

 * Attribute table field summary statistics:

aggregate areas of contiguous parcels 

+Hydrology Toolset: Flow

  Accumulation tool

+Rational method model 

+Statistics Operations 

· Frequency

· Regression 

+Statistics Operations 

· Frequency

· Regression

+Spatial interpolation 

+Output from impact model

+Output from impact model
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Figure 6.1. Making choices about data analysis relies on a relationship among information needs, geographical databases, and data transformations.
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