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Why GIS

What is GIS

Basic properties of GIS data

Major types of GIS Analysis

o with examples from Harvard research projects
Summary: the value of GIS

e Supporting COVID-19 Research with GIS Resources
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Geospatial & Temporal Data Are Everywhere

Global Navigation Satellite Systems (GNSS)
Earth Observation Satellites

Smart Phones, Clothes, Cars, Homes, Cities, ...

SMART CLOTHES

Smart Home




How to Solve Problems with It?

Wisdom

Decision Quality
and Value

Judgment

Know Why
Knowledge Management

(GKI)
— Find
— Access

— Create/Analyse
— Transfer

Know How

Information Management
(CIM) Know What

— Collect . L. Know Where
— Process iz zze

— Disseminate
— Store

— Display

— Protect



Three views

of GIS

1. Smart, interactive,
functional Map
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2. A set of tools and procedures

— A language to perform tasks
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Data Files
3. A well-managed system of

information



ArcGlIS: the Giant in GIS Software Industry

Desktop GIS

ArcGIS® Deskto
ArCGIS Engme

ArcGIS Explorer

e ArcGIS is the overall name of
the Esri Geographic
Information Systems (GIS)
software products.

e ArcGIS provides a standards- | Ao
based platform for spatial
analysis, data management,
and mapping. e

StreetMap™
ESRI Data & Maps

Server GIS
ArcGIS Server
ArcGIS Server Image

Online GIS

ArcGIS™ Online




Non-Commercial GIS Software

e Open Source GIS - Desktop
o Quantum GIS (http://www.gagis.org/)
o GRASS (https://grass.osgeo.org/)
o  MapWindow (http://www.mapwindow.org/)
e Open Source GIS - Server
o GeoServer (http://geoserver.org)
o MapServer (http://mapserver.org/)
o MapGuide Open Source (https://mapguide.osgeo.org/)
o OpenLayers (http://openlayers.orqg/)
e Open Source GIS - Database Management System
o PostGIS (http://postgis.refractions.net/)
e Public GIS (free but not open source) - web map
o 2D (browser): Google Maps, Bing Maps, etc.
o 3D (plugin): Google Earth, Virtual Earth, ArcGIS Explorer
e More on http://gislounge.com/open-source-gis-applications/



http://www.qgis.org/
https://grass.osgeo.org/
http://www.mapwindow.org/
http://geoserver.org
http://mapserver.org/
https://mapguide.osgeo.org/
http://openlayers.org/
http://postgis.refractions.net/
http://gislounge.com/open-source-gis-applications/

Basic GIS data formats

Raster ====lp Pixels
Spatial Features
GIS Data Points
Vector Lines
Polygons

Tabular Attributes



Raster Representation of Geographic Features

e Point - one pixel

e Line - anumber of
neighboring pixels
strung out in a given
direction

e Polygon - an
aggregation of
neighboring pixels

::::H o

Paint features

9=

Raster point features

Polyiine features

Raster line features

Raster polygon features



Vector Representation of Geographic Features

e Point: a pair of x and y coordinates
e Line: a series of points connected together

e Polygon: aline enclosed from end to end
Examples:

Point: cities Line: roads Polygon: states



Uniqueness of GIS data

e Location - spatial registration of geographic
features (where on earth).
e Attribute - tabular information associated with

geographic features (what, when).
e Topology - spatial relationship among
geographic features (how, what is connected

to what, what is next to what).

Scale Projection
Resolution Datum



Common Types of Map Projections

Planar Projections:
* Polar

* Equatorial

* Oblique

Conic Projections:
* Lambert Conformal

Cylindrical Projections:
* Mercator
« UTM




Major GIS Analysis Categories

Habitat suitability analysis Hurricane damage assessment
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Data Exploration
Quantitative mapping
Location based query

Data Analysis i
Overlay analysis
Proximity analysis
Network analysis
Spatial statistical analysis
Geostatistical analysis
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Hot spot analysis - Location optimization for business

Lux Network Analysis of the US Electricity Grid



GIS Analysis through Harvard Examples

Visualizing Global Trade Dynamics in the Past Century (Quantitative
Mapping)

What is Available in Health Insurance Marketplaces (Locate based Query)
Social-Economic Impacts of Fracking (Overlay Analysis)

Tobacco Advertising Near Schools (Proximity Analysis)

Selecting Hospital Sites by Ratio of Hospital to Diagnostic Center Distribution
in Mexico City (Network Analysis)

Exploring Attitude Towards Masks from Geo-tweet (Spatial Statistics &
Geostatistics)

The U.S. Cluster Mapping Project (Comprehensive Analysis)



Quantitative Mapping: Classification by Attributes

Layer Properties @
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Quantitative
M app N g ¥i¥ Historical Data Visualization
Visualizing T,
Global
Trade
Dynamics in
the Past
Century
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Location-based Query:
Select features by location
In relationship with other

features

|dentical to

Intersect

Within a distance of
Have their centroid in
Share a line segment with
Crossed by the outline of
Touch the boundary of
Contain

Contain (Clementini)
Completely contain
Within

Within (Clementini)
Completely within

i

L2 o |

Select features from one or more target layers based on their location in
relation to the features in the source layer.

Selection method:

[select features fram -

Target layer(s):

[1 Cities

[ Rivers
[ Lakes
Country

] only show selectable layers in this list

Source layer:

I‘{:’ Etang |

Lse selected features (0 features selected)

Spatial selection method:

Target layer(s) features intersect the Source layer feature

Target layer(s) features intersect (3d) the Source layer feature
Target layer(s) features are within a distance of the Source layer feature
Target layer(s) features are within a distance of (3d) the Source layer feature
Target layer(s) features contain the Source layer feature

L Target layer(s) features completely contain the Source layer feature

Target layer(s) features contain (Clementini) the Source layer feature
Target layer(s) features are within the Source layer feature

]

m




Location Based Query: What is Available in Health

The health insurance
choices people have in
the marketplaces
depend not only on
which state they live in
but where within a
state they live.

UNITED STATES




Overlay Analysis

Overlay operations by ArcGIS:

e Erase
o ldentity
e |ntersect

o Symmetrical difference

e Union
o Update

E| ﬁ Analysis Tools
| E| &_ Extract

| ..... #, Table Select
EI &_ Clverlaj,r
- % Erase
----- % Identity
f ----- % Intersect
- % Spatial Join
: ----- % Symmetrical Difference
...... x% Union
: ..... % UpdEtE
ﬁ Proximity
- By Statistics



Overlay Analysis: Social-Economic Impacts of
Fracking o ... s s s o s
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Proximity Analysis

e Also called neighborhood analysis, or adjacency analysis.

e Some location based guery are proximity analysis, such as
spatial joining.

e May involve one or multiple input feature classes.

e May produce a new feature class, or new attribute fields.

e Proximity operations in ArcGIS

@)

(@)

(@)

Eﬁ Proxirmity

Buffer and Multiple Ring Buffer e #, Buffer

L %, Create Thiessen Palygons

Create Thiessen Polygons _____ #_ Generate Near Table

Nearest 3 Multiple Ring Buffer

Point Distance o Near
- Ty Paoint Distance



Proximity Analysis: Tobacco Advertising Near
Schools

Photo 318 of 363
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Network Analysis

e Network Analysis is a range of techniques for studying
the properties of networks, including:

TAH_SA.mxd - ArcMap - Arclnfo
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Network Analysis: Selecting Hospital Sites by Ratio
of Hospital to Diagnostic Center Distribution In
MGXlCO Clty el Mexico City, Mexico
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Spatial Statistics & Geostatistics

e It analyzes spatial distributions, patterns, processes, and
relationships.

e |tincorporates space (proximity, area, connectivity, and/or other
spatial relationships) directly into the statistical mathematics.

©)

©)

©)

©)

Summarize spatial distributions (e.g. mean center, directional trend)
|dentify statistically significant hot/cold spots or spatial outliers
Assess overall patterns of clustering or dispersion in space

Model spatial relationships

e |t predicts values associated with spatial or spatiotemporal
phenomena (e.g. interpolation, uncertainty)
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Comprehensive Analysis: The U.S. Cluster Mappin
P rOJeCt CUE/ TR about+ Clstor Regon= Community< o wm

The U.S. Cluster Mapping Regions
Project is a national

economic initiative that _°

provides over 50 million o
open data records on
industry clusters and e

regional business
environments in the United
States to promote 'S
economic growth and

national competitiveness.




Supporting COVID-19 Research with GIS Resources
I IR

o o e Fragmented information

1 17,300 e Incomparable and lack of standard
435,900+ m.a'e King [?L\ﬂt'y‘ households received 1 10’ 000
new unemployment claims filed by king | | B35 Fﬂod;;;%??;zg;‘J:;:ZZH January more King County residents were () Se parate fro m m apS

County residents from March 1 to July enrolled in Medicaid in May than in
11,2020 . January 2020 .
Food Insecurity
e Temporary data connection

I 7% Behavioral Health

me chi led
P% < WIC utrition program in Apri l
0 thanJa ?OZC
38% 1 22%

of calls to 2-1-1 hotline requested Domestic Violence increase in calls to behavioral health
housing-related assistance from April crisis line in June 2020 comparad ta 2019
S einJ 021 ar 0.
29-May 19, 2020 .I 160/
0

crease in domestic violence calls to
Seattle Police from Jan-April 2020
compared to 2019

e Integration of data from different sources

e Standardization of data formats
[
[

Mental Health and Suicide

1 -24% - 16% .
67,000 Integration of data and maps
Permanent collections

N ) ) plan to attempt suicide in the past year
26, 2020 compared to 2019 King County households (7.5%) have no hefore COVID-10

https://kingcounty.gov/depts/health/covid-19/data/impacts.aspx



https://kingcounty.gov/depts/health/covid-19/data/impacts.aspx

COVID-19 Data Collection, Integration and Sharing

Data Sharing GHARVARD gesources for COVID-19 &1 Cloud Platform for COVID-19
and I
Management [ [ i
COVID-19|| Policy & || Human Climate Health |[Research|| Global Socio- Social
Cases [|Regulation| [ Mobility Facilities || Papers News ||economics|| Media
7%
b S
Data Structure Data
Harvesting, X
Processing ; 1
and . CSV/Excel/JSON File Web Scraper Web Service API Manual Work
Integration
N\
p
w gock éz- =
New 1o 5= United States >
Times aracy :['":i Census y Ve 4
@J(n INS HOPKINS A/ 74 4‘”"/ twitker
Data — COVID-19 Cases — —Socio-economics — —>Social Media — Articles —
Source gy
@ & = 7 /)
GDELT PHARMACEUTICAL amap'com AM»
- Population Mobility @/ '~ Global News — L Health Facilities — - Climate —

Hu, T., Guan, W. W., Zhu, X., Shao, Y., Liu, L., Du, J., ... & Zhang, L. (2020). Building an Open Resources Repository for COVID-19 Research. Data and Information
Management, 1.



Data Collection and Integration

Data Sets

O Data standardization and association ID
QRich spatial variables for geographic research L
2
- 3
coviD- Global 4

19 Cases News
5
6
Regulation Y #____,,..-- Mobility 7
8
Social- Research 9
economics Articles 10
Health 11

Facility

12

Hu, T., Guan, W. W., Zhu, X., Shao, Y., Liu, L., Du, J., ... & Zhang, L. (2020). Building an Open
Resources Repository for COVID-19 Research. Data and Information Management, 1.

Coronavirus cases
Population mobility
Health facilities
Traces

Flights

High-speed train
Global News

Social media

Policies

Meteorological data
Air Quality

Socioeconomic Data



Data Sharing on Harvard Dataverse

Researchers

@

Joumnals

@

Institutions

®

Developers

Dataverse;

‘roject

Open source research data repository software

Engoy full control over your data. Receive wed visibilily, acadenic credit, and incragsed citation
counts. A personol dotoverse is eosy to set up, cllows you to display your dota on your personal
website, can be bronded uniquely s your research program, makes your dota more discoveroble to
the research community, and satisfies data management plars. Want to set up your personal
dataverse?

Seomiessly monoge the submission, review, and publication of data associated with published
articles. Establish on unbraakatie Ank between articles in your jounal ond associkated dato.
Participote In the open dota movement by using Dataverse as part of your journol dota polbcy or list
of repository recommendations. Want to find out more about journal dataverses?

Estabksh a recearch data manogement soiution for your community. Federate with a growing list of
Dataverse reposttonies workdwide for increased discoverabiity of your community’s data Porticpate
In the drive to set norms for shaning. presenving, Citing. explornng, and analyzing research doto. Want
10 nstali 0 Dotaverse repository?

Partiopote in 0 vibrant and growing community that is heiping to drive the norms for sharing,
preserving, oting, explonng. and cnalyzing resecrch dota. Contribute code extensions,
documentotion, testing, anddor standards. Integrate reseavch analysis visualizotion and expioration
tooVs, of other resecrch and dote archivol systems with Datoverse. Wont to contrnibute?
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Spatial Data Lab (SDL) for COVID-19 Research

e A Data Library
e An Analytical Lab
e A Collaboration Hub

e A Training Center

Gilohal Research on COVID-19
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Spatial Data Lab for COVID-19 Research
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Data Sharing on Harvard Dataverse

Global users from over 150 countries & regions with over 250,000 data downloads

Global Access to "COVID-19 Resources"” by Country

Accumulated Downloads of COVID-19 Resources at Harvard Dataverse

N

mnmmmmumumm

Global Distributions of Accessing "COVID-19 Resources” at Harvard Dataverse

e Over 120 researchers from 9 countries applied for using the SDL
platform for COVID-19 research, including Oxford University,
University of Illinois at Chicago, University of Maryland at College
Park, and so on.

e Research topics cover health inequality, economic loss, public
opinions, correlation analysis between climate and virus spreading
during COVID-19 epidemic, and so on.




How did the virus spread worldwide?
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How the global policies evolved and how the
outbreak was (not) controlled?

(a) 2020-01-01 (b) 2020-02-01 (€) 2020-03-01

g C %

(d) 2020-04- 0] (e) 2020-05-01 (f) 2020-06-01

Lo i
Y Y

Yang, C., Sha, D., Liu, Q., Li, Y.,
Lan, H., Guan, W. W, ... &
[ 0099 @ 50.0-59.9 Wang, Z. (2020). Taking the
] 10.0-199 [ 60.0-69.9 pulse of COVID-19: A
1 20.0-299 M 70.0-79.9 spatiotemporal perspective.
[ 30.0-399 W 80.0-89.9 arXiv preprint arXiv:2005.04224.
E 40.0-499 N 90.0-100.0



How are people movement changed in the U.S.?

Geotagged Tweets:

Population movements
before and after the
lockdown in the contiguous
US.

Yang, C., Sha, D., Liu, Q., Li, Y., Lan, H., Guan,
W. W, ... & Wang, Z. (2020). Taking the pulse of
COVID-19: A spatiotemporal perspective. arXiv
preprint arXiv:2005.04224.

Average Travel Distance

U.S. Average Travel Distance from February 1, 2020 to July 31, 2020

http://gis.cas.sc.edu/gibd/how-our-collective-efforts-of-fighting-the-virus-are-reflected-on-maps/



http://gis.cas.sc.edu/gibd/how-our-collective-efforts-of-fighting-the-virus-are-reflected-on-maps/

How are community activities changed?

Google Community
Mobility Report:

community movement
change during the
outbreak of COVID-19
across different
categories of places.

Yang, C., Sha, D., Liu, Q., Li, Y., Lan, H., Guan,
W.W.,, ... & Wang, Z. (2020). Taking the pulse of
COVID-19: A spatiotemporal perspective. arXiv
preprint arXiv:2005.04224.
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How people’s daily lives are impacted by pandemic?

o these regions are dimmer
during the lockdown, in
February 2020, compared to
December 2019

e There are significantly more
category and fewer pixels in the .

commercial centers than before

00
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0 — = —

Liu, Q., Sha, D., Liu, W., Houser, P., Zhang, L., Hou, R., ... & Yang, C. (2020). Spatiotemporal Patterns of COVID-19 Impact on Human Activities and
Environment in Mainland China Usina Niaghttime Liaht and Air Oualitv Data. Remote Sensina. 12(10). 1576.

of pixel numbers

Difference




Summary: The Values of GIS

It provides a framework for us to organize our
knowledge — geographically.

It reveals patterns, relationships and processes —
broadens our knowledge and deepens our understanding.
It helps us conceptualize, represent and communicate
Ideas — reconstruct history, illustrate the present, or plan
for the future.

Learning GIS is a life-long journey.



ArcGIS Pro Functions

Data creation and management
Data exploration and visualization
Cartography and mapping

3D rendering

Spatial analytics and data science
Image analysis

Geoprocessing and Automation
Sharing and publication
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2@

| Find Tools

| Find Tools

Favorites Toolboxes

Favorites Toolboxes

b 3D Analyst Tools

-

Analysis Tools

-

Aviation Tools

-

Business Analyst Tools

-

Cartography Tools

-

Conversion Tools

-

Data Interoperability Tools

-

Data Management Tools

-

Data Reviewer Tools

-

Editing Tools

-

GeoAnalytics Desktop Tools

-

Geocoding Tools

-

Geostatistical Analyst Tools

-

Image Analyst Tools

-

Intelligence Tools

-

Linear Referencing Tools

-

Location Referencing Tools

-

Maritime Tools

-

Multidimension Tools

-

MNetwork Analyst Tools

-

Metwork Diagram Tools

-

Parcel Tools

-
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3D Analyst

ArcGIS Publisher

Major Extensions to ArcGIS Pro & ArcMap s

ArcScan

Aviation Charting
Bathymetry

Business Analyst
Data Interoperability
Data Reviewer
Defense Mapping
Geostatistical Analyst
Maritime

Network Analyst

Pipeline Referencing

Production Mapping

F £ ‘ 7 R " | 3 : f .
S ﬁ] ; 0 Al Roads and Highways

Schematics

ArcGIS Image Analyst ArcGIS Business Analyst

Spatial Analyst
Task Assistant Manager
Tracking Analyst

Workflow Manager




GIS Tutorial Resources for Further Learning

Wrangling Data Into Maps

Get started with ArcMap

Spatial Analysis with ArcMap (5-part Video Tutorial)
Get started with ArcGIS Pro

ArcGIS Pro Resources

Get started with ArcGIS Online

QGIS Workshop and Video Tutorials



https://gis.harvard.edu/wrangling-data-maps
http://desktop.arcgis.com/en/arcmap/latest/get-started/main/get-started-with-arcmap.htm
https://gis.harvard.edu/making-sense-out-spatial-data
http://pro.arcgis.com/en/pro-app/get-started/get-started.htm
https://www.esri.com/en-us/arcgis/products/arcgis-pro/resources
http://doc.arcgis.com/en/arcgis-online/get-started/get-started.htm
https://gis.harvard.edu/qgis-workshop-and-video-tutorials-0
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