Geographical Information Systems (GIS) 

Introduction

Everything you experience and see in your daily life has some geographical aspect to it.  Previously we have used static maps and tables of data to characterize them.  With the advent of computers we have digitized this information and are utilizing software called GIS to produce powerful and effective dynamic map displays and retrieval capabilities to answer immediate and long term questions.

Problem:  President Barack said in June.  “The world is going wireless and we must not fall behind.  Wireless will increase productivity, increase public safety and allow the growth of mobile telemedicine, telework, distance learning and other uses that will transform Americans’ lives. Yet this is pointing out to a major divide.  In Washington the EPA says environmental safety concerns about wireless technology are proving “an increasingly controversial topic,’ even as the FCC has ordered local governments to speed reviews of cell towers and limited the grounds for rejecting them.

· Location

Where are the cell towers located in my town?

· Pattern

Where are the highest concentration pockets of different types of cancers in my town?   Is there a correlation of distance to the cell towers and the number of cancer occurrences?

· Trend

Is there a relationship over the years between number of cell towers installed and cancer incidence growth?

· Condition

What cell towers are located 0.25 miles from the town’s schools?
The Real World Representation

The real world’s geographical objects are represented by the various shapes of a point, line and a polygon.

· Point – No dimension and a coordinate pair representing its worldly location (e.g. schools)

· Line - One dimension of length and two coordinate pairs as end points (e.g. roads) 

· Polygon - Two dimensions defining a shape which has a perimeter and an area (e.g. states).  A polygon is composed in a practical manner of three or more lines whose starting and ending coordinate pairs are the same.

The same objects can take different geometrical shapes on different map displays.

GIS and data 
· Capture

· Store

· Query

· Analyze

· Display

Spatial Relationships  

· Distance

Which houses in the district require bussing because they are more than a 0.25 mile from the high school? 

· Containment

Which countries air travel needs to be curtailed because they are within the impact area of the volcano’s eruptions? 

· Intersection

Which Cities are crossed by fault lines and are susceptible to earth quakes?

· Adjacency

Which lots are next to each other and available for expansion?
Geographical Coordinate System 
A geographic coordinate system is a reference system for identifying locations and measuring features on the curved surface of the earth. It consists of intersecting lines called longitude (vertical) and latitude (horizontal).  The earth is considered a sphere or more correctly a spheroid (Bigger at the center).
	

	


In a geographic coordinate system, measurements are expressed in degrees, minutes, and seconds. A degree is 1/360th of a circle. Each degree can be divided into 60 minutes, and each minute can be divided into 60 seconds. 

Lines of longitude are called meridians. Measures of longitude begin at the prime meridian located in Greenwich,  England (which defines the zero value for longitude) and range from 0° to 180° going east and from 0° to -180° going west. 

Lines of latitude are called parallels. Measures of latitude begin at the equator and range from 0° to 90° from the equator to the north pole and from 0° to -90° from the equator to the south pole.  
Location is usually indicated as longitude, latitude

There are different coordinate systems depending on the sphere or spheroid model used.
Important GIS Terms

A GIS map contains one or more data frames.  A data frame consists of a number of thematic layers.  The layers then contain a collection of features which represent real world objects.

· Data frame - A map element that defines a geographic extent, a page extent, a coordinate system and other display properties for one or more layers.

· Layers - A collection of thematically similar geographically connected features such as roads, cities, bridges, fault lines and hotels that share the same geographic extent, coordinates system and attributes.  Provided by GIS files with two types of data models, vector or raster.   
· Feature – This represents a real world object on a map.  Features can be represented in a GIS as vector dat (points, lines, or Polygons) or as cells in a raster data format.  To be displayed in a GIS, features must have geometry and location information.

· Scale – The ratio or relationship between a distance or area on a map and the corresponding distance or area on the real world, is indicated as a fraction or ratio.  When a map scale is shown to be 1:300,000 it means that one unit on the map equals 300,000 units on the actual terrain.  Small scale maps have small fractions (small numerators and large denominators) and cover large areas.  Large scale maps have large fractions and contain small areas with greater detail.
Data Models
· Vector – In this model the real world ‘s objects are represented by geometrical shapes such as points for cities, lines for roads and polygons for parcels.  Normally used to represent discrete boundary items.
· Raster – In this data representation the world is broken up into a grid of tiny equally sized cells.  Each cell represents some squared units area on earth and has some distinct value.   Normally used to display continuous data such as temperature.   
GIS Lab Example

Setup and Familiarization

1. Download the following folders from the is.csi.cuny.edu server:

CDC Epi2000 states

Cellular-2009

NY Points of Interest

2. Open up Arc Catalog and note left side table of contents which displays computer’s directory like window’s explorer.

 Select Cellular 2009’s tabs:
Contents

Preview > Geometry

Preview > Table

Metadata > Description

Metadata > Spatial 

Metadata > Attributes
3. Open up ArcMap

4. Drag over to ArcMap the US, cellular, and new_york_poi from ArcCatalog

5.  In the left side is ArcMap’s table of contents with data frame and layers (dataset files).
6. The order should be new_york_poi, cellular and us.  If not drag to this order. 
7. Using the zoom in tool [image: image1.bmp] keep zooming around Staten Island and then enter in the scale box 1:146,000.  Use the pan tool [image: image2.bmp] to move the map so that Staten Island is totally displayed. 

8. Show what happens when incorrect by reversing new_york_poi and us.  Then return as before.  Background should be at the bottom.
9. See what happens when uncheck new_york_poi.  Then recheck it.

Checking the Cell Towers
1. Change cellular symbol by double clicking and setting parameters to triangle, amethyst and size 12

2. Concern about cell towers and radiation exposure for children.

3. Using the identity tool [image: image3.bmp] investigate all the cell towers and check which ones show an antenna.

4. Two Verizon sites (New York SMSA) are to be noted.  

5. Using the find tool [image: image4.bmp] enter Petrides and select(right click under value) the Michael Petrides school named after a famous CSI engineering technology and founding computer science professor . 
6. What are the school’s geographical coordinates?  
7. Using the measure tool [image: image5.bmp] find the distance between the closest cell tower and the school.
8. Should there be concern?  Using the identity tool let us look for closer schools. 
9. Should find Saint John Lutheran School, Toad Hall Playground and Saint Louis Academy.
10. Further investigation would be required.
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