Lec 21.  Overview of GIS Application & Implementation.

GIS as a unifying technology.

· GIS helps users throughout an organization make better decisions.

· A base-map can be shared among many different users each of which adds its own layer of data.

Major categories of GIS applications

· Natural resources management

· Infrastructure/municipal applications

· Business/marketing.

· Miscellaneous.

Examples of Applications from book.

Gypsy Moth Study & Abatement.

· Project in Michigan to map gypsy moth outbreaks and target abatement efforts.

GIS and Traffic Safety

· Example from Con. Is among best in USA, also used by New Mexico State Police, Hawaiiian State Police, Iowa City and some other Departments are more sophisticated.

· Now GIS, GPS, black boxes, and various smart sensor technologies in use.

· I have worked with HPD, MCSD and DPS on mapping traffic accidents fatalities over 8+ years.

Lec 22. History of the Internet.

· Conceived in 1959 by linkletter to link computers at defense research labs like Los Alamos, Fermilab, operational by 1965.

· In 1969 extended to some University campuses. Name Use net adopted in 1980’s and was extended to some universities in foreign countries.

· 1989 Internet name adopted and some non governmental sites added. 

Mapping the Internet

· Growth of Internet is so phenomenal that now it challenges our ability to understand the interconnections.

Internet Backbones

· UUNETWORLDCOM MCI

· AT&T.

· SPRINT.

· LEVEL 3.

How GIS is used over the Internet.

· To create maps displayed on web pages.

· Interactive web based mapping

· Interactive web based spatial analysis

· Web-based Map publishing

· Distribution of data over the internet

· Web-based spatial service providers

· WIFI applications/mobile devices/location based services.

Scanned maps displayed on Web pages.

GIS created maps stored on Web pages (with hot links to other maps or attribute data).

· Common for low end applications.

· GIS makes the map stored as a graphic file.

· Hot links to an active frame that are activated by clicking on map (HTML) or passing over an area within the map (Java script)  to jump to another map or image.

· Creates illusion of having interactivity and assess to attribute data without cost of obtaining map server software.

Interactive web based mapping


· Need specialized software and geospatial data on server.

· ARC IMS

· Map Extreme

· Can also use oracle or other databases if ArcSDE enterprise software is on server for large applications like Realtor.com

Interactive web based spatial analysis


· Uses a program like ArcIMS but builds tools into the web site to perform functions like:

· Buffer zone generation and recovery of features in proximity

· Distance and shortest path measurement

Distribution of data over the internet

· Web sites like TNRIS, ESRI, and others provide free or fee based access to a huge volume of geospatial data.

· Most is zipped, most imagery is compressed in format like Mr. SID.

· Data needs metadata so it can be easily used in another GIS

· Program like ArcGIS needed to move data into common coordinate system/projection.

Web-based Map publishing
Maps can be “Published” with a product like ESRI’s Map publisher. 

· Users can obtain the data, can make their own changes can up-date those changes and can receive up dates over the internet.

· Versioning and security controls are important.

· Users need not have GIS themselves to print out maps and interact select layers

· With a product like Arc Reader.


Web-based spatial service providers


· Usually perform geocoding

· Also can prepare maps using customer locations using base-maps with difficult to obtain data such as parcel maps, geological maps, oil and gas leasing information (“landbase”) etc..

·         
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· Proxix Parcel Level Geocoder
· By Hal Reid 
  Databases Geocoder Mapping Spatial Engine Web Framework
·  

· PxPoint
· Adding location to your business intelligence platform provides actionable information for 

· decision management. PxPoint's geocoding and spatial analytics are ideal for applications r

· equiring positional accuracy and complex spatial analysis.

·   

· PxPoint is a state-of-the-art location intelligence solution ideal for high-precision,

·  high-volume geocoding and spatial analysis applications.

·  

· PxPoint can access all available geospatial data from vendors such as NAVTEQ™, including 

· street addresses, points of interest (POI), parcel boundaries and intersections.

·  

· Geocoding
· PxPoint provides you with these unique geocoding capabilities:

· Geocode to a layer of any feature type - point, lines, or polygons.

· Geocode to parcel boundaries for the most accurate geocoding available in the U.S.

· Geocode to multiple layers at once. 

· Geocode in multiple countries. 

· Spatial Analysis
· PxPoint's integrated spatial analytics provide you with intelligence about a location. 

· Point-in-Polygon - Determines what polygon a point is located.

· Point-to-Point - Calculates the distance between two points. 

· Point-to-Line - Calculates the distance between a point and a linear feature. 

 

 


WIFI applications/mobile devices/location based services.


Lec. 23. GIS in Law Enforcement.

Background.

Value of GIS in Law Enforcement.

Insights into Crime Occurrence

Crime analysis.

Community oriented policing.

Inter-jurisdictional data-sharing.

Lec. 24. Geographic Profiling and GIS Use by Criminals.

Geographic Profiling

GPS Tracking

· Can be based on GPS devices in vehicles

· Or surreptitious monitoring using wireless internet or other GPS devices installed in vehicles.

Opportunities and Challenges in the 21st century.

Challenges

Funding.

· Often start up funds but not on-going money.

· GIS becomes useless is funding is interrupted.

· Staff depart and learning curve is high.

Issue: Privacy

· On-line mapping can compromise privacy

· Could be used by criminals

· Could make marginal areas even more crime ridden.

Use of Maps (and GIS) by Criminals.

· Maps are handy for burglars, spy and serial killers.

· Some sophisticated criminals keep on the move because of poor communication among jurisdictions.

· Over 17,000 law enforcement agencies in USA make criminals job easier. Example I45 killer and  Tiki Village Police…

Lec. 25. Military and Counter-Terrorism Applications of GIS.

History

· Maps have been used for centuries in planning and executing military activities.

· Used in Law enforcement for over 100 years.

· Used in Counter terrorism for over 20 years (by Israel for Example).

· Used by terrorists (such as Bin Laden for over 20 years. 

· Aerial photography for over 100 years.

· Now GIS and GPS.

Background and history

Military Applications of GIS

Critical Role of GIS

· Strategy and public information.

· Command and Control (C2)

· Defense mapping organizations

· Base operations and facility management

· Force protection and security

· Intelligence, surveillance, and reconnaissance

· Logistics

· Military engineering

· Mine clearance and mapping

· Mission planning

· Terrain analysis

· Land Warrior.

NATIONAL GEOSPATIAL INTELLIGENCE AGENCY 

Army topographic mapping service and Naval and Air force charting functions becomes Defense mapping agency (DMA)

DMA and CIA mapping function merge to Make NIMA (national Imagery and mapping Agency).

After 9/11 NIMA becomes National Geospatial-Intelligence Agency (NGA)

Geospatial Intelligence is mostly imagery, GIS is “Advanced Geospatial Intelligence”.

                                    NGA’ Role:


The Defense Mapping Agency provides mapping, charting and geodetic support to the Secretary of Defense, the Joint Chiefs of Staff, the military departments and other Department of Defense components. The support includes production and worldwide distribution of maps, charts, precise positioning data and digital data for strategic and tactical military operations and weapon systems. The Defense Mapping Agency also provides nautical charts and marine navigational data for the worldwide merchant marine and private yachtsmen. 

Military GPS Applications

· Navistar was developed for nuclear subs.

· Now used to target artillery, maneuver tanks, guide helicopter assaults, target cruise missiles and find the lost platoon of grunts.

· Selective availability added at DOD request (turned off in year 2000 by executive order)

· Russians have GLONAS system.

GLONASS

· GLONASS is the Russian geo-positioning satellite system. Currently has 15 units in orbit.

· Accuracy not as good as NAVSTAR.

· Some GPS units can pick up both NAVSTAR and GLONASS to improve both speed and accuracy.

Use by terrorists

· In 9/11

· DC Sniper

Counter Terrorism

· Tracking terrorist locations to launch hell fire missiles, cruise missiles or send in strike teams.

· Counter piracy applications.

Remote Sensing and GIS as Counterterrorism Tools in the Afghanistan War: Reality, Plus the Results of Media Hyperbole 

· So you want to be a pirate matee…

· Well you need to use the tools:

· High power speed boat.

· VHS marine Radio

· Cell or satellite phone

· GPS unit

· Automatic Weapons.

 LEC. 26. Water Resources Applications.

 Water Resources Applications:

· Infrastructure management (piping, pressure, service areas, billing, etc).

· Environmental impact assessment.

· Watershed study & protection

· Water quality analysis 

· Groundwater management & modeling.

· Allocation & administration of water rights.

Infrastructure management 

· Map & manage piping (where are your underground assets)

· Determine pressures and losses within system

· Establish  service areas 

· Track billing, etc.


Environmental impact assessment.


· Look at impact of water resources development projects.

· Study pipeline corridor alignment & routes

· determine environmental impacts of groundwater withdrawals

· see area to be inundated by reservoirs.

Watershed study & protection.

· Use GIS to delineate watershed boundaries

· use data on soils, slopes, rainfall/run-off, land-use to predict water quality impacts from non-point source pollution and manage erosion.


Fort Hood Area Map.

Model Input
Digital Elevation Data

Model Input
Land Use / Land Cover Data

Model Input
Soil Data

House Creek CASC2D Model

House Creek CASC2D Model

House Creek CASC2D Model
Surface Flow Depth

House Creek CASC2D Model
Surface Soil Moisture

Radar Rainfall Data

Radar Rainfall Data
in WMS

House Creek Output
Surface Soil Moisture

House Creek Output
Surface Soil Moisture
End of Rainfall Event

House Creek Output
Surface Soil Moisture - 1 Day After Rain

House Creek Output
Surface Soil Moisture - 3 Days After Rain

House Creek Output
Surface Soil Moisture - 7 Days After Rain

Flood mapping.

· FEMA program.

· Other projects.

· Issues: contour interval.

· Accumulation of flood waters.

· Use of remotely sensed imagery.

Water quality analysis. 

· Take data on soils, landuse locations and types of pollution

· Develop model of water quality impacts from both point & non-point sources.

·  Adjust land-use and treatment plant locations and hydrologic parameters to decide how best to manage receiving body water quality.


Allocation & administration of water rights.

·  Input Hydrography, flow information, with drawl points existing water rights and and criteria such as in-stream flow requirements

· Use network models and spatial optimization 

· Allocate water among competing users.

Groundwater management & modeling.

· put in data about soils geology, recharge discharge, wells and aquifers

·  Establish a model of an aquifer (using modflow) 

· Determine  impact of pumping on water levels in aquifer over many years and simulate various scenarios such as artificial recharge or reduced agricultural pumping..

Examples:

· Las Vegas Water District Infrastructure management

· Southern Nevada Water Authority Cooperative Water Project

 Lec 27. Environmental Restoration Applications of GIS.

Environmental Restoration.

· Environmental restoration is the remediation (clean-up) of toxic contamination or restoration of habitat (such as wetlands)

· Mostly associated with superfund sites, leaking underground fuel tanks, landfills and other sources of soil and groundwater contamination.

Characteristics of a GIS for environmental restoration:

· Used on major projects with a spatial extent.

· Interfaced with CAD and often groundwater flow and other models.

· May have subsurface visualization components

· Links to large relational databases are common as attribute data is subject to regulations and litigation is common.

What is Environmental Restoration.

· Assessment of current & former sites that had hazardous wastes.

· Analysis of fate and transport of contaminants.

· Determination of most appropriate method to remediate sites.

· Long term monitoring of sites

What Type of Haz-waste Sites Exist.

· Over 2,000 superfund  (NPL) sites.

· Over 3 million underground storage tanks (LUST) sites.

· 20,000+ landfills, most abandoned.

· Numerous industrial facilities.

· 400,000+ abandoned mines.

Examples of projects.

· Most superfund sites have a GIS built (I have created one for the Ralph Grey Trucking Company site).

· Most installation restoration program sites have GIS.

· All Department of Energy facilities are using GIS for clean-ups.

· Many local Gov. Applications (S.B. County).

Vandenberg AFB example:

· 99 thousand acre Air Force base with over 1,200 contamination sites.

· Over $100 million spent on clean-up of which about $475,000 went to GIS and Spatial Decision Support system development effort I proposed and undertook.

Vandenberg Background.

· 99,000 acre Air Force base

· Main missile launch facility for spy satellites

· Over 1,000 contamination sites (250 in the rest of the county.

· $50-$100 million per year clean-up since 1992.

Components of the VAFB SDSS.

· GIS.

· CAD.

· ORACLE RDBMS

· Groundwater flow models (MODFLOW)

· 3D visualization (Earthvision).

Lec 28. Geological Applications of GIS

Representation of both surface and subsurface is essential.

· Geologists need data on subsurface, but surface features are needed as a frame of reference.

· GIS along with specialized visualization tools are used.

Subsurface has unique issues.

· Geologic applications require ability to manage data relating to the 3rd dimension.

· This requires volumetrics, ability to represent both the surface and subsurface of the earth.

2D, 2.5D & 3D

· Many people call a surface “three dimensional” this is only partly true.

· In a surface there is a single Z value for any x,y pair of coordinates but there is no volume.

· A true 3D model has multiple Z values hence something under the skin…

Methods for management of subsurface data:

· Cross-sections

· Well logs and “sticks”

· Strike and dip of faults.

· Fence diagrams

· Stacked surfaces

· True 3D (voxels).

· Integration of seismic data & CAD.

Applications

· Generation of geologic maps.

· Management of cross-sections.

· Subsurface visualization.

· Oil/gas reservoir mapping.

· Support for mining/ore body mapping.

Geologic maps:

· Usually map expression of surficial and near surficial geology as geologic mapping units. 

· Topographic contour map with limited infrastructure info is usual base map. 

· May contain relevant seismic data such as strike and dip of faults and location of oil and gas wells.

Examples of Geologic maps
created with GIS.

· Multiple layers of data can be displayed.

· Topography as hill shaded DEM rather than contour lines.

· Smart maps (i.e. attribute data available)

Oil/gas reservoir mapping:

· One of the most sophisticated applications of GIS & related technologies.

· Big dollars at stake.

· Goal is to reduce risk of coming up with a “dry hole”.

· Examples: Earthvision, Zmap.

Support for mining/ore body mapping:

Lec 29. Comprehensive Planning GIS.

Need for a multipurpose GIS.

· To perform comprehensive planning multiple layers covering a local or regional area are needed.

· Topography, boundaries, streets, land-use and utilities.

· Many derived layers.

Comprehensive planning:
·  Involves planning and regulation of land-use and development  of a “Master plan” and monitoring compliance.

· Community development involves attracting industry and housing developments and providing amenities for the community.
Political jurisdiction boundaries.

Streets

Land-use information.

Parcels & building foot-prints.

Zoning Analysis. 

· Building heights in 3D.

· Green-belt requirements

· Age of buildings

· Neighborhood preservation areas

Zoning:

· In many communities planning is facilitated by land-use (zoning) regulations

· These regulations limit what can and cannot be done with various parcels of land particularly what can or cannot be built and what types of activities (such as businesses) can be conducted

· These regulations range from minimal to pervasive and highly restrictive.
Examples of zoning regulations:)

· Huntsville, Municipal, 

· Ann Arbor Michigan, Berkeley CA Maximum, 

· Franklin County Tennessee (typical)

Huntsville 3 zones: Downtown, Neighborhood conservation areas, Management zone.

Management zone (minimal):

·  No pig farms in city limits, no sexually oriented businesses within 1,000 feet of a school, church, park, downtown, residential area, prison or university.

Incorporation of Aerial photography.

· In order to do comprehensive planning it is necessary to maintain up-to-date information.

· This often requires using aerial photography to up-date information.

Examples of a Comprehensive planning GIS.

· Utah County, Utah.

· Washoe County. Nevada.

Lec 30. INFRASTRUCTURE/
UTILITY APPLICATIONS. 


PUBLIC UTILITY APPLICATIONS:

· Public utility applications are often referred to by the term AM/FM.

Municipal engineering/services

· Engineering departments in municipal government often have similar functions 

· to public utilities (streets, water supply, garbage trucks).

· Range from rebuilding sewer systems in Cincinnati to flood control in Dallas to collecting dead dogs in Austin.

AM/FM

· (automated mapping/facilities management). 

· This term is about 20 years out of date, 

· Slow moving public utilities prefer to use old terms although they have adopted new technology

Purpose of AM/FM

· Management of facilities such as pipes, valves, transformers, poles and other widely distributed and often buried equipment.

· Mapping of such facilities.

· Inventory of spare parts and repair trucks and equipment.

Corridor analysis:

· Management and determination of corridors for pipelines, power lines etc. 

· These facilities require setbacks (explosion hazard, EMF) and often land acquisition. 

· Management of multiple parcels of land held as rights of way or for substations, etc.

Advanced applications:

· Routing Delivery or service vehicles. 

· Routing/optimizing rail traffic (uses GPS).

· Redesign of electrical distribution systems.

LIS:

· Many utilities hold large tracts of land; some is farmed, some open space, some has oil and gas wells etc. 

· LIS is somewhat like cadastral GIS. 

· Rail-roads are among largest private land-owners in US. Received alternating sections of land along rail lines and still own much of it.

Issues:

· Mapping and inventory of facilities with complex distribution systems (gas, electricity, water, etc). 

· Location is only one factor, also estimation of load, expansion planning, storm response scenarios and trouble-shooting.

Examples:

· Entergy, Coastal, El Paso Gas, Tenneco and even little ole Lakewood cablevision. 

· HL& P video gives a good picture of application of the technology.

SCADA: Refers to Systems Control and Data Acquisition. 

· Often GIS is part of a SCADA. 

· A system a real time computer console/workstation based telemetered system for monitoring and controlling key system components.

Examples of SCADA systems

· (City of Huntsville water and Sewage), 

· Telephone systems, 

· Electrical distribution. 

· Usually have a dial up system, but can be automated to reroute or shut-down automatically.

Inhuman errors...

· Unfortunately,  both people and systems are fallible: 

· Examples: Power failures and Phone Service failures caused by the safety systems which utilize SCADA.

Washoe County Nevada.

· Reno & Lake Tahoe in Washoe county.

· Used by all branches of county Gov.

· Also public utilities and Federal, regional & Gov.

· Now on internet.

                                         LEC 31 omitted.

 LEC 32. Business & Marketing Applications of GIS I.


TIGER DATA:

· Topologically Integrated Geographic Encoding and Referencing (system).

· Formerly DIME.

· 1990 census is 1st data set.

· Available in an enhanced format from private vendors.

TIGER Provides:

· All streets plus address ranges.

· Census block groups, tracts, cities, divisions, counties, metropolitan statistical areas (MSA’s), & States.

· Demographic data (400 variables) linked to

    block groups & higher levels.

Other Business GIS Data-sets 

· Business locations.

· Parcel maps.

· Radio & TV coverage.

· Bank accounts & lending patterns

· Claritas PRIZM data.

Traffic Counts 

· Used to price and locate bill boards

· Used along with GPS to place adds on the side of trucks and deploy “street blimps”.

Drive-time Analysis.

· Requires connectivity of streets to be correct (i.e. all streets that connect must be connected, one-way streets built in.)

· Requires a network analysis module.

· Requires estimates for speeds (usually set at speed limit)

Can be adjusted for time of day.

LEC 33. GIS for Business II.


Typical Business Applications:

· Market area characteristics.

· Allocation of territories.

· Other applications specialized to particular industries and businesses.

Trade area determination.

· In trade area determination, the demographic, infrastructure and spatial factors in an area can be investigated to determine the area that customers are currently being drawn from.

· This info allows targeting of advertising and identify currently under-served areas that are potential markets.

Territory allocation.

· In territory allocation, demographics and distance factors are taken into account to divide up sales territories among competing salesmen or outlets.

· This analysis can also be used to see if entry of a new unit will cannibalize existing units unacceptably.

Targeting Advertising/product introduction.

Other business applications:

· GIS and interactive maps on the web as a marketing tool. 

· Routing/tracking transport delivery and service vehicles. 

· Using GIS to help customers make more informed buying decisions. 

· GIS and accounting (control over spatially distributed facilities)

Drive-time Analysis.

· Requires connectivity of streets to be correct (i.e. all streets that connect must be connected, one-way streets built in.)

· Requires a network analysis module.

· Requires estimates for speeds (usually set at speed limit)

· Can be adjusted for time of day.

Demographics of Business GIS users:

· Most analysts are Geography or computer sciences majors. 

· Now some are market researchers or just business people.

· Mostly with Fortune 500 companies or Public Utilities. 

· Consulting firms (BLR, Thompson). 

· Moving onto the desktop and out of the back-room.

The future:

· industry is growing at 30% plus per year $4 billion business. 

· low cost high power computers and better interfaces/built in analysis functions. 

· Movement from consulting firms and research departments of big companies into smaller firms and even sole proprietorships.

· Moving from USA, Europe to worldwide.

LEC 34. Interactive web based mapping for business


· Need specialized software and geospatial data on server.

· ARC IMS

· Map Extreme

· Can also use oracle or other databases if ArcSDE enterprise software is on server for large applications like Realtor.com

PropertyShark

· Started in New York City

· Maps with parcels, building footprints, zoning, haz waste sites, landmarks, sales…

· Not free at highest resolution.

· The future is here but only where the data exists which is not everywhere.

· We have all the data you need for easy property research, 

· including ownership, permits, zoning, title history, photos 

· and sales prices for individual properties. We also have foreclosure 

· and for sale listings, comparable sales tools, maps and more...
· Get the facts on over 20 million properties

· Owner names and addresses 

· Taxes, Assessments, Permits and Violations 

· Comparables and Sales Data 

· Foreclosures and Pre-foreclosures 

· Phone numbers, photographs, maps and more 

· See a sample report 

· Find Property in New York City   (change city)

· Address 

· BBL 

· Owner 

· Mailing Lists & Postcards New!      Recent Sales Search           Advanced Search 

· #

104 Direction

West Street

113th Suffix

Street Borough

Manhattan  

· Copyright 2003-2006, Property Research Partners LLC.


· Photos 
Ownership Summary 
Building Management & Officers 
Title Documents 
Toxic Sites 
Tax Lot Maps 
Gov't Documents 
Maps 
FEMA Flood Map 
Phone Records 
For Sale Nearby 
Neighbors 
Property Tax 
Zoning 
FAR & Air Rights 
Building Permits 
Construction 
DOB Actions 
HPD Violations 
ECB Violations 
Income & Expense 
Property I&E 
Demographics 
Judgments & Liens 
Recent Reports

PropertyShark.com
Neighbors
71-43 N 9 St 
44-60 N 9 St 
Primary address73 Kent AveZip11211BoroughBrooklynBlock & lot02302-0001Alternate addresses45-53 N 9 St
73-81 Kent AveNeighborhood
Census tract0557.00School district14Community board1Planning Board,neighborhoodsGreenpoint, Greenpoint, 

HYPERLINK "http://www.turnhere.com/vitalplayer_turnhere.cfm?name=williamsburg"
WilliamsburgPolice precinct94 web site/crime statsSchool district14 map/schoolsCity council33 mapProperty Tax Assessment
Assessed value$145,350Land Portion$74,700Total assessed value$220,050Tax class4 date10/19/1982Square Feet
Building SF25,520Factory SF25,520Lot SF12,760Ratio of Building SF to Lot SF (FAR)
FAR as built2 Max allowed FAR2Building
Building dimensions100 ft x 100 ftLot dimensions124 ft x 100 ftCorner lotNEStories2Buildings on lot1Has extensionNo Has garageNoYear built1960 (estimated)Zoning, Use & C-of-O
Certificate of $0- $0Transitional Net Assessed Value= $215,370 = $215,910 


Interactive web based spatial analysis


· Uses a program like ArcIMS but builds tools into the web site to perform functions like:

· Buffer zone generation and recovery of features in proximity

· Distance and shortest path measurement

 Lec 35. GIS in Forestry

Forestry

· Important application area for GIS.

· Used by USFS, all major timber companies.

· Mostly used to inventory lands, delineate stands and estimate quantity of timber.

· Also helps minimize adverse impact of harvesting.

GIS & Remote Sensing in Forestry .

· GIS along with remote sensing can help inventory timber over large areas .

· Example from Canada.

Example of Research Application.

· Forest map from 1935 scanned & digitized

· Change in vegetation type for east Texas determined by polygon overlay with a 1994

    layer of vegetation data.

  This compared with soils and other data.

Use of GIS by U.S. Forest Service.

· Project 1900 a GIS in every district rangers office, all lands in GIS, integrated into all management planning.

· Not quite there yet mostly due to hiring & procurement glitches.

· Example of Sam Houston N.F.

· Use of spatial optimization for timber harvesting.

Use of GIS by Champion International/LP/Temple Inland.

· Use technology to manage lands in many ways.

· Accurate data on forest stands used to maximize profits and minimize taxes.

· Savings in property taxes pays for entire cost of system.

Lec 36. Redistricting Applications of GIS. 

Proportional Representation and Districting.

· In original democracies like Athens and Iceland each head of a family (who was not a slave) showed up and voted directly.

· In representative democracies a group of people elect a representative. 

· Originally each town or district got a single representative. What happens if new towns arise or existing ones get smaller? The answer is “The Rotten Burroughs”..

· Our founding father’s hated England’s rotten Burroughs so they mandated in constitution proportional representation based on a decennial census.

Maps of political outcomes.

· GIS can be used to map outcomes by state, county, precinct , also one can do spatial analysis and cartograms.

· Data also exists for number of registered Democrats and Republicans by precinct

Redistricting

· Now an automated technology.

· Intent of party in charge (the party that controls the State legislature) is to concentrate your opponents in as few districts as possible which giving yourself safe majorities in as many districts as possible. Also if the district of your opponents is large and odd shaped they have trouble getting name recognition visiting the small areas that lie in the district etc.

Gerrymandering.

· Named for 4th Vice President a sneaky politician that redrew Mass. Political map to benefit the Democrats in 1810.

· A political cartoonist drew the odd shaped district in Boston area as a sort of lizard or dragon and called it a Gerymander (Gerry plus Salamander) the name stuck. 

· Thus America pioneered another advancement in Human history.

Global Perspective.

· Groups like the carter center are using GIS to study fairness of elections in places like Peru, Ukraine, and even Africa.

· Can look for discrepancies between population and voter turnout.

· Sometimes voters can exceed population such as in Duval county Texas in 1960 or Liberian election in 1960’s.

Related Issues: Targeting Campaign Advertising.

· Using mailing lists campaign literature and maps of voting districts and areas where voters can be turned out or turned off advertising can be carefully targeted,

· Thus “Terry Treehugger” wants to take away your guns and snowmobile will be sent to a database of hunters/snowmobile owners, while “Mark Foley and his Pals cavort with pages…” will be sent to evangelicals. In one case to get one group to vote rather than go hunting in the other to get a group not to vote at all. (it is generally easier to get someone not to vote than to change party affiliation.

Lec 37 THE FUTURE OF GIS TECHNOLOGY.

TRENDS:

· Easier use.

· More functionality.

· More available data.

· Less expensive.

NEW TOOLS:

· Integration with other technologies. 

· Spatial Decision Support Systems.

· 3D GIS. 

· Temporal GIS. 

· GIS over the Internet. 

· Better digital remotely sensed imagery.

Integration with other technologies. 

· Links to CAD, SCADA, GPS, RDBMS already developed but becoming easier.

· Field applications becoming more feasible.

· GIS being integrated into vehicle navigation, and internet applications but running in background.

Better digital remotely sensed imagery and software.. 

· 3o meter Landsat is inadequate for many applications 10 meter spot or 2 meter spy stuff is better.

· Arcview image analysis extension and new ERDAS imagine software or IRAS and MGE are examples.

Spatial Decision Support Systems. 

· New systems being developed as needs arise.

· Only minor modification needed to adjust SDSS for Munich air pollution to Milan or Vienna or Atlanta SDSS to Houston or Charlotte.

3D GIS. 

· Will be used in oil and gas, environmental and mining applications.

· Problem of attaching attribute data to 1 billion voxels is still unresolved.

· Linkage of GIS to 3D visualization is accomplished for Arc/Info and Dynamic Graphics and MGE and Geovoxel.

Temporal GIS..

· Will be used to study dynamic phenomena.

· Will utilize video technology.

· Examples include: Chesapeake bay and LLNL models.

· Requires super-computers at present.

GIS over the Internet. 

· Web server technology already exists.

· Large data sets are difficult to access rapidly.

· Security and distribution of data are big problems.

PROBLEMS WILL REMAIN:

· More users, more jobs, but also big headaches in many parts of USA.

· USA is big diverse and decentralized.

· Seattle and Boston and Austin will be on 5th generation GIS before Cold Springs, Navasota and Madisonville even get started. But that may be most cost effective approach.

Inaccuracy and Age:

· Inaccuracy of data and continuous need to update and upgrade data require continued investment

· But who pays? 

· Accurate base maps are a common good, but “free rider” problem is present.

Reduced Federal involvement:

· Federal Gov. work is going down-hill in its mapping activities and private sector will not take up the slack.

·  A multi-purpose national GIS is a pipe dream but state and local GIS will flourish.

· A patchwork will exist: Example: Bryan and College Station.

Shortage of qualified workers:

· Companies are desperate:

· The sad story of Tyler, Texas…

· Some areas are saturated: Washington State, New England. 

· Best opportunities rapidly growing areas in South (Atlanta, Dallas, Orlando).

Reminder: Jobs and Internships:

If you do not have work experience related to your chosen major (or a very rich and powerful uncle) your odds in current job market are grim…

Internship opportunities exist with City of Huntsville. Also, USFS, HGAC, MCAD, MC911, WCSC, etc.

Don’t expect me to give you a quarter when you are standing on the street with a “have MIS or Geography degree… will work for food” sign…if you do not get work experience.

CAREERS IN GIS:

· Good long term career.

· Ease of finding initial jobs and ability to advance and relocate most places (few jobs in rural areas).

· Detail oriented work.

· Frequently boring.

· Numerous headaches if system is just being developed.

Job growth:

· 30% per year. 

· Demand for all levels of GIS workers, particularly experienced managers.

A career path exists:

· Starting with technician, 

· then analyst/specialist,

· Then system administrator/programmer 

· Then manager/ coordinator.

Technician, 


· 25,000-30,000 per year.

· AA or BA degree.

· Use of CAD and Arcview typical requirement.

· Data entry or GPS knowledge handy. 

Analyst/specialist,


· $35,000-$50,000.

· GIS work experience (1 year)

· or BA in geography or computer science.

· Use of Arc/Info  (or MGE in Intergraph shop).

· Some programming in AML or Avenue or C++ use of GPS and Oracle is a plus.

System administrator/programmer 


· $40,000 to $65,000.

· Two or more years work experience.

· Some grad work helpful

· Windows NT or UNIX system administration needed.

· Programming in AML, Avenue, C++ needed.

· ORACLE and GPS skills helpful.

Manager/ Coordinator. 

· $40,000-75,000 plus.

· Degree in Geography or Computer science.

· Supervision of technicians and/or analysts.

· Experience in planning, budgeting running GIS projects.

· 2 or more years of experience.

· Hardest group to find.

Consultant:


· $30-$100,00 plus.

· Wide range of skills but typically used in initial phases and in customized programming or applications development.

· Free lancers, small development firms and several large firms (Plangraphics, UGC, BLR, Claritas  Berger & Co. exist).

Major employers:

· Public utilities, 

· municipal and county government, 

· Federal government…

· Increasingly businesses and specialized consultants.

Best degrees:

· geography, (geology for oil & gas). 

· MIS (with right additional courses.)

· Survey engineering and urban and regional planning. 

· Computer science.

· Environmental science, forestry...

· A mixed background is better.

To strengthen marketability have:

· Internship, 

· courses in MIS, 

· database (RDBMS), 

· networking, 

· Java, C++ and Visual basic programming 

· and GPS.
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History:


· Location at sea was a problem throughout history, Sextant requires sun shot.

· Need to locate nuclear subs. accurately without surfacing in order to target nuclear missiles invulnerably.

· NAVSTAR program run by Air Force Space Command starting mid 1980's, fully operational 1993. Cost: About $12 billion so far.

System Configuration:

·  24 satellites in high (11,000 mile) orbit. Coverage of entire globe.. Selective availability added to reduce precision of non-military units (turned off in 2000).

Why 24 satellites and why so high an orbit.

·  This allows at least 4 satellites to be in view simultaneously most places in mid-latitudes of the planet.

· Hard to shoot down.

· Free from electromagnetic influence of earth.

· Less danger from “space junk”.

How system works: 

· Each satellite transmits a radio signal saying above what point on earth it is at that moment and when that signal was sent (to billionth of a second) determined based on orbit, ground tracking & atomic clock on satellite.

· The time it takes signal to reach GPS unit is the distance satellite is away from unit (the unit figures this out). 

How many satellites must be in view?

· 3 to get an fix on XY location.

· 4 to get XY& Z(elevation also).

· Estimate of elevation is always far less (about 1/10th) accurate than XY location due to spherical geometry issues.

How accurate is GPS?

·  A stand-alone GPS unit will have an accuracy that ranges from a best case of 10 meters in the x-y and 100 meters in the Z to a worst case of 200 meters in x-y and 500 meters in the Z dimension.

Factors that affect accuracy.

· Selective availability (spoofing) deliberate DOD degradation of signal. (up to 100 meters of inaccuracy).

· Local shape of the earth (ellipsoid) (up to 50 meters).

· Quality of the GPS unit (up to 50 meters).

· Electromagnetic storms 0-10 meters (unless lighting hits it).

How to improve accuracy.

· Better GPS units have ability to store many ellipsoids, set GDOP masks.

· Do not use unit in deep canyons or under heavy canopy or wait for satellites to pass into view, sometimes a antenna on a long pole is used.

· GDOP can be avoided by planning work around arrangement of satellites to get best coverage.

Differential GPS: 

· SA & other errors can be overcome through  trick called differential GPS. In this method two GPS units are used. One is set up on a surveyed monument and is called a base station. The other unit is called a rover unit. It travels around. Each unit records indicated position. This is stored in a file which is later used to  make corrections. 

What is the “difference” in differential correction.

· The difference between where the base-unit actually was and where it indicated it was, is applied to correct second by second the data of where the rover unit indicated it was. This removes errors due to SA, electromagnetic interference and inaccurate ellipsoid. 

· Accuracy is now +/- 2 meters or better (as good as 25 mm).

Personal/Recreational grade Units:

· Low cost $100-$300.

· lower accuracy

· No differential correction

· Not interfaced with computers (in most cases)

· Cannot store many points

· Cannot calculate area

Mapping grade units (differential capability).

· Mapping grade units with differential correction cost $3,000-$5000 

· +/- 2 meters after post processing.

· Can down-load and post process data.

· Can set data dictionaries.

· Display maps and aerial photos as backdrops.

Survey Grade Units:

· Survey grade real time differential units cost $25,000-$100,000 +/- 1 cm or better in real time.

· These are so expensive because need two complete units external antennas, and radio links.

Surveying & Mapping Applications

· GPS is becoming one of the primary tools to make new maps and up date maps.

· Usually used in conjunction with GIS.

· Mapping grade units +/- 2 meters are typically needed.

· Attributes of points, lines or area features are also stored.

Applications of GPS.

Types of GPS Units

· Range from GPS in cell phones to $100,000 plus units designed for surveying.

· Size ranges from wrist watch to tripod mounded units weighing 20+ pounds with many accessories.

· Grades are Recreation, Mapping and Surveying.
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· GPS can be used in many ways:

· Recreation

· Surveying/mapping

· Military

· Mining & construction

· Transportation

· Law enforcement/emergency services

GPS in your life.

· Newest generation of cellular phones contain GPS.

· GPS dirtections, tracking and maps as near as your new cell phone.

· Use in advertising poromotions: Super coke can.

Recreational Applications

· Backpacking uses GPS to find that camp-spot.

· Fishermen can find the fishing hole in the large lake consistently.

· Travelers can track route and location even in the most remote areas.

Surveying & Mapping Applications

· GPS is becoming one of the primary tools to make new maps and up-date maps.

· Usually used in conjunction with GIS.

· Mapping grade units +/- 2 meters are typically needed.

· Attributes of points, lines or area features are also stored.

Scientific Applications

· Scientists use GPS to help map and measure

· many aspects of the earth.

· Such as changes in elevation due to seismic activity, movement along faults, changes in sea level or locations of features in remote areas such as antarctica.

Construction & Mining Applications

· On large construction projects knowing where your equipment is in relation to infrastructure is very important.

· Otherwise a crew is likely to dig in the wrong place.

· Example well driller at Edwards AFB.

Resources Management Applications

· Forestry uses GPS to find and delineate forest stands.

· Fishermen use GPS to find fishing grounds.

· Hydrologists use GPS to study watersheds.

· Mining and energy companies use GPS to help explore for resources.

Precision Agriculture

· GPS is used to guide farm machinery to locations to start plowing, apply fertilizer, etc.

· Some agricultural chemical suppliers are GPSing farmers fields as a free service…

· many farmers do not know exactly how much land they have in each field and therefore application rates are estimates.

Transportation and Logistics applications.

· Fleet management: Qualcomm, “slacker trackers”.

· Tracking sensitive shipments: Omni-track, DOD & DOE shipments.

· Rail safety. Federal Rail Administration.

Public Safety Applications

· Fire and emergency services are major users.

· Police Departments are just starting. In Texas only Corpus Christi Police are GPS users.

Use by Criminals

· Stalking ex-spouses and others using silent position monitoring technology.

· Marking pre-dug graves with GPS.

· Terrorism.

· Piracy. So you want to be a pirate matee…

· Well you need to use the tools:

· High power speed boat.

· VHS marine Radio

· Cell or satellite phone

· GPS unit

· Automatic Weapons.

GLONASS

· GLONASS is the Russian geo-positioning satellite system. Currently has 15 units in orbit.

· Accuracy not as good as NAVSTAR.

· Some GPS units can pick up both NAVSTAR and GLONASS to improve both speed and accuracy.

Galileo Project

· European Union project started last year on line ~2008.

· $8 satellites, no S/A, higher power, lower orbits, more in view and higher accuracy.

· Signal will be able to penetrate buildings so can use GPS to track indoors (with limits).

· Will make NAVSTAR, GLONASS obsolete.

The Future:

· SA was removed in 2000

· Who pays to maintain system

· U.S. technology but it benefits the world

· Once GPS was dominated by U.S. companies now mostly foreign owned.
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· Refers to deriving information by means of systems using sensors that are at a distance from their targets.

· Includes aerial photography, and satellite remote sensing. Both can be integrated with GIS...

Satellite remote sensing: 

· Depends on satellites in a variety of higher orbits. All satellites use digital sensors, these are non-photographic. 

· Some systems are passive (i.e. pick up emissions of from the earth) others are active (i.e. bounce their own electromagnetic energy (usually radar) at the earth). 

Weather Satellites: 

· Weather satellites in geo-synchronous orbit 

· As are telecommunications and TV. 

Spy in the sky:

· Spy satellites are in typically polar orbits with high resolution (2 meter or better) but narrow path widths. 

· They can have their orbits adjusted to target Pyongyang or Baghdad for example.

· James bond resolution (i.e. reads the bad guys newspaper) is obtained from airplanes.

· Classified, some old data is available.

Geo-Referencing:

· Satellite imagery must be referenced to known points on the earth. 

· In addition to major perspective distortion, there is also the effect of the earth=s rotation and distortion due to platform instability. 

· These distortions are removed by pre-processing at EOSAT or in France.

· This is done by use of ground-control data.

Earth observation satellites:

·  Most useful for mapping and are in sun-synchronous orbits typically.

· The higher the orbit the longer the duration and greater the coverage but lower the resolution.

· For non-meteorological applications, the earth observing satellites is of primary importance for mapping applications. 

Examples of EOS: 

· The two primary observing satellites are Landsat 1,2,3,4,5,7 (US) launched in 1972-1997.

·  SPOT (French) launched 1986.

· Also: IRS (India) & Spin (Russian). 

Landsat 1-7:

·  Have both thematic mapper  4-7 and multi-spectral scanner  1-7 sensors and have either 79 or 30 meter resolution 

· Path (scene) width of 185 kilometers.

· Complete coverage every 16 days. 

· Launched starting in 1972. Landsat 5 and 7 are still up, 6 failed on launch.

MSS:

· Muti-spectral data is captured by sensors in a satellite. This data is broken into 4 bands and the intensity of light reflected from the earth in each band is recorded for each cell.

· Cells correspond to 79x79 meter squares on the ground.

· This sensor is on all the Landsats.

TM: 

· Thematic Mapper present in Landsat 4,5 & 7, it is 30 meter resolution. Covers a larger part of the electromagnetic spectrum than MSS.

· Has UV & Infrared sensors.

· Gathers 7 bands of data.

SPOT: 

· Systeme Probatoire Observation de la Terre; launched in 1986 captures pan chromatic imagery at a 10 meter resolution with a path width of 117 kilometers. 

· French, Swedish & Belgian program.

· Best resolution of a general purpose EOS.

Ikonos

· New high resolution  private satellite

· Up to 1 meter resolution

· Expensive.

Merits: 

· The higher resolution of SPOT is due to a area array of sensors: push-broom method rather than a narrow single beam used in a sweep-broom method which sweeps data past a single row of sensors like Landsat.. 

· However, Landsat captures data about a greater part of the spectrum and has a wider path and more frequent coverage.

More about remote sensing

Classification: 

· Frequently, the raw data on the spectral signature of a portion of the earth is classified as part of image processing. 

· Data for several bands is combined together and/or statistical methods are used to combine the data into new information. 

· This process is the heart of image processing.

Lec 41. Remote Sensing III: Applications.

Air photo interpretation:

· What you think you see is not always what you get.

· The implies need for ground truthing

· Topographic mapping most common application.

· Looking at many photographs develops ability to interpret, but some creativity and imagination is handy.

Integration with GIS.

· Aerial photograph in a digital raster format

· Must have coordinates added to be used in a GIS.

· Then it can be used as a backdrop to fill in the holes of the vector based GIS.

· Or used as a basis for building a up-to-date comprehensive GIS.

applications

· Environmental: Detecting pollution & historical land use.

· Mapping: For remote areas & geologic structure.

· In Archeology.

· In Urban Planning.

· Military applications.

Infrastructure & planning applications

· Land-use change analysis

· Re-mapping areas where change has occurred.

Other applications:

· Archaeology

· Crop science.

· Geologic mapping.

· Natural disasters

· Long history of military applications...

· Interpretation needed because ground-based mapping of  enemy territory is not always so easy…they might shoot your “field worker” as a “spy”.

· Goes back to U.S. Civil War (Balloon based photography)

· Pigeons, rockets…U2, Spy satellites.

