Forestry and Natural Resources

Unit 23:  Geographic Information System

Forestry and Natural Resource

Unit 23:  Geographical Information Systems and GPS

Lessons:

1.
Introduction to Geographical Information Systems

2.
Using a Geographical Positioning System to Navigate and Record Features on a Map.

Performance Standards Covered
7.13 Forest management

Students will understand forest management practices.  Students will understand the concept of forest health.

7.14 Measurement, Surveying, and Mapping


Students will understand basic concepts of measurement, surveying, and mapping.
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Unit 24:  Geographical Information Systems and GPS

Lesson 1. Introduction to Geographical Information Systems

Duration Two Hours
Students will be able to:

1.
Explain the purpose of a geographical information system and give examples of how they are used.

2.
Describe the major components of a GIS and their functions.

3.
Explain how GIS can be used to test hypotheses about the spatial distribution of features and their attributes.

Suggested Learning Activities:

22.1A
Garbage Survey

22.1B
Conduct a Search for Digital Data:  Conduct a search for paper and digital maps covering your town or city.  List the attributes for which you were able to find data and the source of each type of information. Indicate whether the data is or is not in digital form.  Note the date when the information was published, and how the data are made available to the public.

22.1C
U.S. Geological Survey:  Buy a copy of the U.S. Geological Survey 7.5 minute quadrangle covering the area where you live (camping stores often sell these).  What coordinate system is used on the map?  What data are included on the map?  Make a list of attributes included on the map.  What other useful information (attributes) could you include in a GIS based on this map?

22.1D
Create a GIS of the buildings and landscape of your school.  Note the types of plants, location of buildings, lighting, plumbing, trash cans etc.  If you do not have a computer and software for drawing maps or creating a GIS you can still maintain data on a series of paper maps.

Teaching Outline:
A.
Geographical information system is a term encompassing the entire field of computerized mapping.  GIS is also generally considered to be a specific subset of the field, referring to a high-end computerized mapping system.  A true GIS can be used to perform each of the following functions:

1.
Provide information about a specific location.  The location may be described using place name, ZIP code, latitude and longitude or other location system.

2.
Find locations satisfying specified conditions.  E.g. an undeveloped parcel of land zoned for light industrial use, at least 10 acres in size, with railroad access.

3.
Spot changes in an area over a certain period of time.  For example, changes in vegetation brought about by drought or use by people.

4.
Find patterns and test hypotheses about relationships between locations and certain factors.  For example test the hypothesis that proximity to PCB laden transformers is a factor in the incidence of cancer in children.

5.
Model various scenarios.  E.g. if 10 inches of rain fell in a certain watershed, would flooding occur?  If so when and in which areas?
B.
GIS is used in many fields.  Government uses GIS as an important planning and management tool.  Agriculturalists and natural resource scientists use it to study land use patterns.  Government uses include the following:

1.
City Hall - Zoning, permits and licenses, comparing developed land with permits to spot unauthorized development, locating properties to be reassessed, recording land parcel ownership

2.
Fire Department and Emergency Services:  Locating fire stations based on city growth patterns, dispatching and routing emergency vehicles, noting locations of hazardous materials, determining probable course of brush and forest fires.  Predicting impacts of floods.

3.
Utilities Departments:  Location and replacement schedules for equipment, transformers, valves, motors, etc.  Schematics of power, seqer, gas and water lines.

4.
Street Maintenance:  Snow clearing priorities, pothole locations, pavement history, accident locations.

C.  Components of a GIS System

1.
Data - GIS uses data collected from a wide variety of sources (TM p 6).  This includes maps, aerial photos, satellite imagery, legal records, engineering plans.  The data form layers of information attached to locations on a map.  This could include soil, vegetation, road, utility (water, gas, electrical) and other information as well as geographical features such as mountains, rivers, lakes and streams.  

a.
Any location in a GIS has certain data attached to it.  The data are known as attributes.  Each attribute contains only one kind of data.  For example the attribute "altitude" will only contain a measurement of height above seal level in feet or meters.  Data in attributes are either names or other identifiers, categorical data, dates, and various measurements or other numerical data.

b.
Data collected in the field or from maps must be converted into digital information for entry into the GIS.  This process is called geocoding.  In geocoding spatial information is converted into computer readable form.  

c.
Data for GIS falls into two categories:  a)  The data already exists in digital (geocoded) form or b) the data is only available from paper maps or field work.  

d.
Sources of exiting maps include map libraries maintained by colleges and universities, agencies of local and state government, U.S. Geological Survey (USGS), National Oceanic and Atmospheric Administration (NOAA), Bureau of the Census.  Information is becoming increasingly available on the World Wide Web (WWW).

2.
Hardware - In addition to a  computer system equipped for image acquisition and analysis, a GIS system may incorporate:

a.
A scanner for transforming maps and other documents into digital form.

b.
A digitizer pad.  A special table used to trace maps or locate features on a digitized map   (TM p 7).

c.
A geographical positioning system or GPS.  Used to tell workers on the ground their exact position from satellite transmissions.

d.
A plotter for producing maps, schematics and other diagrams.

e.
High volume data storage devices for storing images and maps.  These include optical discs and large disk drives.

f.
GPS is used to locate features in the field.  Most GPS units can download information directly to a computer.

g.
Surveying equipment - For high accuracy surveying a the odolite is used to measure angles and a transit or level in combination with stadia are used to measure distance.  Equipment is now available which stores the information digitally.  Otherwise, distances and angles are converted into coordinates (for example latitude and longitude) to be entered into the computer.   

3.
Software - Until recently GIS required a minicomputer or work-station to handle the large amounts of data involved.  PC's are now becoming more common as the platform for smaller GIS systems.

a.
Image analysis software may be required to analyze data in images.  These include photographs taken by aircraft or satellites.  

b.
ArcInfo is a GIS program which runs on a minicomputer ( e.g. a Sun workstation).  .

c.
MapInfo is a PC based GIS as is ArcView.  ArcView can import and export data to and from ArcInfo.

Exercise 23.1A

Garbage Survey

Duration:  One to Two Hours

Materials:

Field tape

Marker flags

Graph paper

Procedure:

To see how scientists use GIS information to test hypothesis about the distribution of certain features try this experiment.  Go to a large, open area frequented by people.  Locate the garbage cans, edges of the area, main points of entry and exit.  Create a scale map of the area.  Divide the area into squares approximately 10 feet wide.  Starting in the upper left hand corner of the map number the squares.  For example an area 100 x 100 would contain 100 squares.  Walk across the area and record the amount of litter in each square.  You can actually count the pieces of trash (or collect and weigh it) or just indicate the level of litter in the square as clean, 1piece, 2 to 5 pieces, more than 5 pieces.

1.
Is there any pattern to the distribution of garbage?  Test the following hypothesis:

a.
There is more litter in the plots near the trash cans than in areas farther away from the trash cans.

b.
Plots on the edge of the area have more trash than plots near the center.

c.
Plots close to major entry and exit points are have more trash than plots farther away from these points.
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Digitizer Pad Operation
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