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Overview

* What is GIS?

* Types of Data and Projections
* What can | do with GIS?

* Data Sources and Formats

e Software

* Data Management Tips
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Characteristics of GIS

The data
e Spatial
 Tabular

Methods
 Data input
* Data management

e Data analysis: answer questions that may not be explicitly
stated in the data

* Data output: maps, new data

Software and hardware

4 geographic information systems services
' @ mit

o




Characteristics of GIS: Data

Layers
. 4.
With GIS software, you can y
digitally represent /
geographic objects with a
variety of shapes and layer i
X

those shapes on top of one " -
another to create maps and rj >
perform analysis. 4; <l
* Polygons | / k\)
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Characteristics of GIS: Data

Layers

With GIS software, you can
digitally represent
geographic objects with a
variety of shapes and layer
those shapes on top of one
another to create maps and
perform analysis.

* Polygons
* Lines
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Characteristics of GIS: Data

Layers

With GIS software, you can
digitally represent
geographic objects with a
variety of shapes and layer
those shapes on top of one
another to create maps and
perform analysis.

* Polygons
e Lines
* Points
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Characteristics of GIS: Data
Ldyr

With GIS software, you can
digitally represent
geographic objects with a
variety of shapes and layer
those shapes on top of one
another to create maps and
perform analysis.

s
Y

* Polygons
e Lines ‘
* Points

e Raster images (pixels)

I8 | e o -
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Data Types: Spatial

Spatial or coordinate data
represent features that
have a known location on
the earth.

* Vector: Points, lines,
and polygons

e Raster: Row and
column matrix

L

Image by MIT OpenCourseWare. 9
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Data Types: Vector

Polygon and Points Lines




A model of the world as a
surface that is divided into
a regular grid of cells,
arranged into rows and
columns.

* All cells (or pixels) must
be the same size.

e All cells have a value.

Data Types: Raster

Image by MIT OpenCourseWare.

Image from: http://resources.arcgis.com/en/help/main/10.2/index.html#//009t00000002000000
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http://resources.arcgis.com/en/help/main/10.2/index.html#//009t00000002000000

Data Types: Raster
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Data Attribute Table

* Spatial data have a backend database called an
attribute table.

* |t can be used for querying and analysis.

e All attributes can be mapped.




Data Attribute Table

Table

NN Y

new_england_states

—

FID Shape * STATEFP | STATENS | STUSPS NAME Total Pop 2010

0 | Polygon 09 01779780 |CT Connecticut 7
1 | Polygon 23 01779787 | ME Maine 1328361
2 | Polygon 25 00606926 | MA Massachusetts « 6547629
3 | Polygon 33 01779794 | NH New Hampshire \ 1316470
4 |Polygon |44 01219835 |RI Rhode Island N\, 1052567
5 | Polygon 50 01779802 | VT Vermont ‘g{ﬂﬁ

new_england_states

o« 0 M % (0 out of 6 Selected)

Each state is
represented

with a

different
color.
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Data Attribute Table

Table O x
new_england_states X
—
FID { Shape* | STATEFP | STATENS | STUSPS NAME Total Pop 2010

0 | Polygon 0s 01779780 |CT Connecticut 3574097

1 | Polygon 23 01779787 | ME Maine 1328361

2 | Polygon 25 00606926 | MA Massachusetts 6547629

3 | Polygon 33 01779784 | NH New Hampshire 1316470

4 | Polygon 44 01219835 |RI Rhode Island 1052567

S | Polygon 50 01779802 | VT Vermont 625741 Ea C h State iS

od 0 » » [BE|S ©outof6Selected)

1 new_england_states \

color coded
based on its
population.

Legend

new_england_states
Total Pop 2010

| | 625742 - 1328361
| | 1328362 - 3574097
3574098 - 6547629
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Data Types: Tabular

* Table (CSV, Excel) or database (Access, Oracle,
PostgreSQL)

* Can be transformed into spatial data and
mapped:

— Join with spatial data files by a common attribute
(state name, unique ID, etc.)

— Map as points using coordinates such as longitude and
latitude gathered from a GPS device

— Geocode: associate address fields with a street
network

16
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Map Projections

There are many different map projections. All map
projections distort at least some of the following:

e Shape
* Area
 Distance

 Direction

17
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What can | do with GIS@¢




VIEW DATA AND CREATE MAPS




View Imagery

20

City of Cambridge Aerial Photograph, April 2010
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Create 3D models
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Create Maps

i Street trees
Bicycle routes

@ Busshelters

&7 Buildings

. Parcels

22
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Create Maps

Legend
o Bike Racks
‘ Police Station
B Public Schools -
*  Memorial Poles

© Community Gardens

One Way Lines

Bicycle Faciltiies

Buildings

| cambridge City Border

0 025 05 1 Kilometers

R N AN O
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Create Maps

Pinit

U.S. population with Irish ancestry: 11.1%

"’)‘\ Irish Ancestry as a Share of County
= Population: 2009-2013 T

15.0% to 19.9%
10.0% to 14,9%
50%to 9.9%

Less than 5.0%

24
Image in the public domain. From: http://www.census.gov/data/visualizations/2015/comm/cb15-ff04_irish_roots.html
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http://www.census.gov/data/visualizations/2015/comm/cb15-ff04_irish_roots.html

PERFORM ANALYSIS

25
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Create Buffers

Calculate what is
 |nside
e Qutside

e Within a certain
distance

Buffers in ¥5-mile
increments around
Fenway Park

:::::::::::::

Legend

- Fenway Park
Buffer

distance in miles
| E

B 06-1.0

1.1-1.5
1.6-20

EEEEEEEEEE

CCCCCCCC

Back Bay/Beacon Hill

CCCCCCCCCCCC

CCCCCCC
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Clip Features

All the water bodies in the US
have been clipped using the
Massachusetts state boundary.

Now only the water in
Massachusetts is visible.
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Network Analysis

File Edit View Insert Selection Tools Window Help
DEE& @ 2B |

Network Analyst v | BB -5 I

vbcode1.mxd - ArcMap - Arcinfo

MIT Geodata

& |[1:43529 N ESORSE AQEITPeE

[ NeworkDataset [weets i ~]

)

RO

3 x Al
= £ Layers ArcToobox Bebel's House
* M testl @ 3D Analyst Tools
+ @ bayareafaciities @ Analysis Tools
# O bayareaincident :gaftOQTB_PhYTTOIf’ls
+ O bayarealocations onversion [ools
# M bayareamultiroutestops  Coverage Tools Jndys House
# O streets_nd_junctions 22559 F\ganag_en?ent Tools
Z ; eocoding Tools
= M MultipleRoutes
s @ Geostatistical Analyst Took
Linear Referencing Tools
= M streets = . 9
@ Routing
2 Routing Tool
# O streets_nd =
= @ Spatial Analyst Tools
@ Spatial Statistics Tools Edger's House
van's Hoyse
Gemys House
Hanna's House
& Attributes of MultipleRoutes
] — Name 0 nu ] Total_Mete
‘Andy's House - Bebel's House 1 2 5.187495 5832045304
Andy's House - Charlie's House il 4 3481358 3257 574274
Andy's House - David's House 5] 6 4862183 4533.184722
Andy's House - Edgar's House 7 8 8659843 5265948953
Andy's House - Fran's House 3 10 6770799 6368 589056
| Andy's House - Gerry's House 1] 12 4.462491 4358 520327
Andy's House - Hanna's House 13 14 9193034 8579.482104
Andy's House - van's House 15] 16 9677030 9089.794521 | ~|
< ] > |
Record: 14] < 0> [n|  Show | Al Selected | Records (1 out of 8 Selected ) Options. ~ o B

122929'1.02"W 37°47'54.85'N

11:54 AM
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Spatial Staftistics

>200% >30% »40% >50% >60% >70%>30%>90%
sarackosna ] [ 1 I B B B B

sorxvcears 7] [ [ I I N B N

-

Courtesy of Tilden76 on Wikipedia at http://commons.wikimedia.org/wiki/File:2008prescountymap.PNG. License CC BY 3.0
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http://commons.wikimedia.org/wiki/File:2008prescountymap.PNG

Analyze Raster Data

Digital Elevation Model
(DEM): A sampled array of
elevations for a number of
ground positions at
regularly spaced intervals

Use it to:

e Calculate rivers and
watersheds,

 Create contour lines
e Determine viewsheds

30
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...and Morel

e (Calculate area and volume

* Join data based on a common attribute (ID, name, etc.)
or its spatial location

* Find where data layers intersect
* Find the nearest features
* Perform surface analysis

— Contour

— Slope

— Hillshade

— Viewshed
— Hydrology

31
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Where do | find GIS data@¢




Data Sources

 MIT sources

— GeoWeb: use any web browser (includes data
downloads as well as DVDs and Maps in the library)

* |nternet
— http://libguides.mit.edu/gis (Links to data sources)

* Create your own
— GPS, digitizing, etc.

Not finding what you want? GIS data purchase requests?
Contact GIS Help.

33
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https://arrowsmith.mit.edu/mitogp
http://libguides.mit.edu/gis

GeoWeb — search 2000+ layers of MIT hosted GIS

data and data from other schools.

@ MIT GeoWeb

boston

Filters

Limit results to visible map

Hide restricted layers from other
institutions

Institution

ME

g

mail GIS Services

Q@ Base Layers v

Bering Sea

North
Pacific
Ocean

Map data ©2014 Google. INEGI

AK

Gulf of
Alaska

2

ZoomTo

NT
Canada Hudson
Bay
48, ME
i N
ON; ac
WA mr "
5 PE
D Wi \ VIZMES NS
R pp o) 2 m
S s v -
e Loy oon o PA L ANTEMA
wv United States - e\,
o Ut co kS MO Ky W \\
% OE M) North
OK AR w? NC
AZ. NM MD Atlantic
e DL Ocean
i Gh
1A
Gl of, X L
California = Gulfof
Mexics Mexico
Cuba Puerto
Rico
Enstene Caribbean
Sea
Nicaragua
Venezuela
S Guyana
Colombia S~ Suriname
AR AP

34

A . geographic information systems services

@ mit



http://arrowsmith.mit.edu/mitogp/

GIS Services links fo datfa: libguides.mit.edu/gis

L= . .\ Your Account m‘m
MITLibraries

Search Hours & locations Borrow & request Research support Productivity tools About us

murack@mit.edu « Guide Admin « Dashboard « Sign Out

Geographic Information Systems (GIS)

About GIS Services +

M| LearnGIS v Get Software/GPS units v

Home MIT Geodata Repository
CDs in the library
General Data for the world

GIS Assistance Contact Us
General Data by country (non-US)

The GIS laboratory, housed on the Ge"_"a' _Data for the US available for use during Rotch's operating hours. GIS gishelp@mit.edu
software is for use by the MIT Com (nationwide) listed below for GIS help - no appointment necessary.
General Data for the US (by state)
GIS Help Hours: Buildings and Transportation
May 19th- 30th: by appointment | Businesses Maps

Census/Demographic Data
June 2nd - August 29th: Mon-Fr .
Elevation/Bathymetry o Maps Guide
There will be no lab hours on Thur Energy and Environment Click here te access our
guide to maps.
If you cannot make these times, er; Ge0legy up an appointment. Our email address is gishelp@mit.edu.

Imagery
Land use and Land cover

Water Data Management
News

« Data Management

We are offering two GIS workshops in July. See our Current Workshops page for more information and to register. Learn more about how to

manage your data.
New GeoWeb is here! Check outthe new interface which includes a simpler search, faceted browsing, and information about our
CD and DVD collection in the GIS lab, making it easier to find all our geographic data with one search.
Access LandScan data from 2000 to the present. World population data in a 1km grid is now available online.
. . ) i Contents
Want to learn MIT GIS Services news as soon as it is released? Sign up for our listserv
Home
About GIS Services
Staff
Senvice Guidelines
d
e The GIS lab
Find Data 35

Download ArcGIS and the MIT Geodata Search Tool for ArcGIS. MIT Certificates are required to download this software. Installation

MIT Geodata Repository
instructions are here (.pdf format). P

ADe in tha lihean:
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libguides.mit.edu/gis

OpensStreetMap.org

OpenStreetMap

The Free Wiki Werld Map

[search P

B —————%
examples: "Akmaar, ‘Regent
Street, Cambridge’, ‘'CH2 SAQ", or
‘post offices near Linen’ more
examples... Where am 17

Dpenstreetilap is a free
worldwide map, created by
people like you.

The data is free to downlead and
use under its cpen license. Create
a user account to improve the
map.

Help

Help Centre
Documentation
Copyright & License
Community
Community Blogs
Foundation

User Diaries

GPS Traces

Map Key

i G
I_Ill

CStrest Scuthwest

Hosting is supported by the UCL & 1 L
YR Centre, iImperial College E:

= : z {
London and Bytemark Hosting, | b i - *
gnd other partners I - i R .

| @ Wiake a Donation

Oﬁen data! Anxone can contribute and download.”

raphic information systems services




Data Formats

* ArcGIS can read many formats, including:

— Shapefile, personal geodatabase (Access), file geodatabase
(ESRI)

— Image formats (JPG, TIF, GEOTIF, etc.)
— CAD (DXF and DWG)
— KML/KMZ files (from Google Earth)
e Data can be exported from ArcGIS to a variety of formats,
including:
— KML
— CAD
— Adobe lllustrator
— TIF
— JPG

37
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Create your own Data: Map
Coordinates or Addresses

Geocode Addresses: 7 em™y

e 77 Massachusetts

Ave. Cambridge,
MA 02139

Add XY data:
e 71.093458 W
e 42.359097 N

38
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Create your own Data
Georeference maps and iImages

39
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Collect Your Own

Data

Global positioning system (GPS) devices are available for
checkout from the Rotch Library circulation desk.

Courtesy of Nachoman-au on Wikipedia at https://en.wikipedia.org/wiki/Global_Positioning

System#/media/File:Magellan_GPS_Blazer12.jpg. License CC BY 3.0.

40
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https://commons.wikimedia.org/wiki/File:Magellan_GPS_Blazer12.jpg
https://commons.wikimedia.org/wiki/File:Magellan_GPS_Blazer12.jpg

Data from different
sources, covering the
same area, can look very
different. Evaluate scale,
accuracy, and file size
when selecting data for a
project.

The yellow line is the
coastline from the US
Census state boundary
file. Blue is the coastline
from MassGIS.

41
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Metadata

* |nformation about the data layer

e Read the metadata to determine who created the data,
when it was created, what the codes in the table mean,
if there are constraints on how it can be used, etc.

* You can find metadata:
— Downloaded with your data layers
— On the website where you got your data
— Sometimes you may need to contact the data provider to
get metadata

* Metadata is most commonly in html/xml format, text
files, or in a table format, such as excel or csv.

42
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Metadata

World (Countries, 2005)

@ | Baselayers v . Opacity Download as
Institution
MIT
Data Type
Polygon Narth “ =,

Atlantic
Theme Keywords Ocean
polygon countries intemational boundaries coastlines

area intemational codes status population boundaries

society : LA
Place Keywords SEEASIEE s B e min-seic v S ST F LG N B
World : ™ b, 08
Indian é
e South Ocean M
¢ Atlantic
n Ocean
Tm—;:ﬂ\_
Dowmnload FGDC Metadata
© Identification Information g In GeoWeb, expand each
category to read the
© Metadata Reference Information metadata.

© Spatial Data Organization Information
© Spatial Reference Information
© Entity and Attribute Information

© Distribution Information
43
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Metadata

@ Entity and Attribute Information

SDE_DATA.INT_A1CNTRY_2005

ObjectiD

Atfribute Definition Intemal feature number.
Attribute Definition Source ESRI

FIPS_CNTRY

Attribute Definition The FIPS code (two-letter) for the country.
Attribute Definition Source Department of Commerce, National Institute of Standards and Technology

GMI_CNTRY

Attribute Definition The country code (three-letter) for the country from Global Mapping Intemational.
Attribute Definition Source Global Mapping Intemational

ISO_2DIGIT
Attribute Definition The country code (two-letter} for the country from the Intemational Organization for Standardization.
Atfribute Definition Source Intemational Organization for Standardization

ISO_3DIGIT
44
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What software can | use@¢




ESRI ArcGlIS: Arc

Q Untitled - ArccMap

File Edt View Bookmarks Inset Selection Geoprocessing Customize Windows Help

a

Wodd Geocods Service § v | &4 <Type an address..> - BP

N8ds B x |0 | &2 W EEERO
QQUNQ Xl w1 KO/ BN R [=a
[Table Of Contents 2 x

Provides the

most tools for | ...
processing data,

analysis, and

creating maps

= ) SOEDEFAULT (arrowsmith.mit.edu
5 [ sde_data.US_C3WAT_2005

S @) sde_data US_ MA_E2SCOUNTIESCT 2000

Comprehensive
support through
our academic
license

(N =R

32864 401 962952662 Meters
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ArclToolbox

ArcToolbox

By ArcToolbox
-89 3D Analyst Tools

-8 Analysis Tools

% Cartography Tools

- &3 Conversion Tools

118§ Data Interoperability Tools
% Data Management Tools
8§ Editing Tools

118§ Geocoding Tools

% (Geostatistical Analyst Tools

-89 Linear Referendng Tools

(185 Multidmension Tools

% Metwork Analyst Tools

18§ Parcel Fabric Tools

(-89 Schematics Tools

% Server Tools

-89 Spatial Analyst Tools

(-9 Spatial Statistics Toals

% Tracking Analyst Tools

al
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ESRI ArcGlIS: ArcCatalog

 Manage files and
fo | d e rS ) ArcCatalog - CAUsers\murack\Downloads\SDE_DATA_US MA_CTCSTZN_1997.shp s T

* Create new shapefiles

& e @nx Q BESE =g

Users\murack \Dowrloads\SDE_DATA_US_MA_C7CSTZN_1397 sho

and geodatabases = e e e 3 3
* Preview files ’
* View metadata in e

@

ES:

format of choice

 Create metadata so | zoramm.
your data can be |
understood and
shared with others

* Save metadata filesas =
XML, TXT, HTML, or
SGML

BEEE

RELEE

5 Ready-To-Use Services
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Open Source Software

The source code is made available under a
license that allows the modification and
redistribution of the software at will.

For a more in-depth definition, visit the Open
Source Initiative:

opensource.org/docs/definition.php
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opensource.org/docs/definition.php

QGIS

7 QGIS 2.20-Valmiera .- . R - - S ([SE=)

i Project Edit View Layer Settings Plugins Vector Raster Database Processing Help )
[) B R WO SPL P HPLOLAAERC &C-F-GE - mAe B3N
A /BRR RG>0 E "E|RETRRE
U B U oK % A
[ Layers

%

Ve; | % [ SDE DATA US MA C7CSTZN 1997

L

Layers ijrowser J

Shortest path 8]}

Start

\J

Criterion [Length

e
-]
%
@R
|
; @ Stop
%
Va
L4
|

Length [
Time |
I {Calculahe_j‘ Export Aji Clear
I L S Erep
| ==
|Coordinate: Il 171156,951105 || scale || 1:1,293,051 v|x Render [Epse:zssssl
- < 50
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Data Management Tips




Data Management Tips

GIS projects tend to generate many files, which are
generally large in size. For file naming:

e Use file names that represent the file (default
names like Export_Output are not helpful if you
need to come back to your project later).

* Some software programs and tools may have file
name constraints (e.g. an eight character limit
without spaces). Watch out for this with ESRI

ArcToolbox.
* Backup Your Data!
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Data Management Tips

Keep detailed notes about:
* Data sources

* Licensing constraints

* Data processing steps (ModelBuilder creates visuals of
your procedure)

e What is stored where

— The GIS project maintains links to the individual data files
(the data is not embedded in the map document itself)

— GIS formats, like shapefile (SHP), have many files that are
linked together and must stay together in order to function

e Descriptions of the files you create and use (ArcCatalog
has built-in tools for creating and editing metadata)

53
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Exercise Overview

* Navigating the software interface

* Finding and adding data, including basemaps
* Accessing attribute information

* Symbolizing your data layers

* Selecting data by attribute and spatial location
* Creating new GIS data

e Designing a simple map




MIT OpenCourseWare
http://ocw.mit.edu

RES.STR-001 Geographic Information System (GIS)Tutorial
January IAP 2016

For information about citing these materials or our Terms of Use, visit: http://ocw.mit.edu/terms.
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