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What is GIS?
Geographic
Information
System




UCI

GIS is a technological field that incorporates geographical features with tabular
data in order to map, analyze, and assess real-world problems.

OR

A computer-based information system that is used to:

input

store
manipulate
display
Analyze

spatial data and to identify spatial patterns and support decision making
processes.
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GIS is Everywhere!
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UCI

 Many of the issues in our world have a critical

spatial component!
— Land management
— Property lines, easements, right of ways

— Dataon land values, taxation, assessment
— Business site selection, advertising

— Proximity of ‘our’ land to other faC|I|t|es (poIIutlon huntlng,
municipal, federal, state) P 7 e D%
— Hydrology: Solil, Elevation,
Structures , vegetation

— Crime analysis i
— Emergency management and
disaster preparation
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The Earth is finite!

— If not now, within our lifetimes there may be no natural
ecosystems.

— Land managers, natural resource workers, and politicians
are and will continue to make decisions about biological
systems.

— Good information and tools are needed to do this.

Before Building Reservoir After Building Reservoir
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Beyond creating and viewing maps, spatial data analysis is concerned with questions
not directly answered by looking at the data themselves.

GIS answers the following
Location: Whatis at...? Where s it?
Condition: Status of features?
Trends: Whathas changed since...?
Patterns: What spatial patterns exist?
Modeling: Whatif...?

Integrating and Lwemglng Many Innovations

Computing
Mosle w1e Dt ‘_‘5101 mm,c'ure Real-Time
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Machine Loarning como“““q‘ < Poctal
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* Federal and Local Government
* “Human Services”

* Census data

* Disease control

* Infrastructure and utilities

« Land and resources management

Researchersin academia
» Geography

* Biology

 Earth Sciences

* Atmospheric Science

» Geophysics

* Military _ _ - Geochemistry
- Natural hazard mapping (e.g., fires, - Geology
flooding, - Hydrology

earthquakes, tsunami, landslides)
* Evacuation plans

* Industry

* Engineering Consultants

» Technology (e.g., Google Maps)
* Insurance

 Cryosphere
 Engineering
* ... anyone working with spatial data
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Long story short: , W
¥

ﬁf;ﬁ s *e?
ot e K} Gl.lgtulﬂe
Geographic Information Systems is a e - T~
- =TT ™ ™
computer-based tool for o - 108
- holding guild

« displaying
« analyzing >
- manipulating gtre®

Spatial data.




Geographic Information
System (GIS)

Roads
Land use - GISisusedto store, analyze,and manipulate
geospatial data
_ + We'llbe learningto use QGIS
Boundaries  Other software
« Pythonand R also have geospatial
Hvdroaraph packages/libraries for working with
yarography geospatial data directly with code
« ArcMap
Elevation « Computer-based tool with a full GUI used
to:
. « Create, display, explore, and edit GIS
Image b’ datasets
» Create map layouts for printing or
publication
» ArcCatalog

* Toolusedto manage your files and
databases




U c I ' The Differences Between QGIS and ArcGIS
QGIS ESRI ArcGIS @ °
@\ G I s Cost Free open source High-cost . A rCG I S
| _ESRI | 1

Data format Vector, raster, postGIS, Vector, raster, cvs, txt...
WMS, SpatiaLite, Oracle
raster and spatial, WFS,
txt, cvs, MSSQL, WCS

Data management QGIS browser ArcCatalog
Web GIS Online open source ArcGIS online (are more
plugin (less resource) data available and super
powerful)
Remote sensing Semi-automatic Image analysis toolbar

classification plugin

Model builder ArcGIS Model Graphical
Builder/Arcpy Modeler/PyQGIS
Symbology More cartographical Basic
option




B NASA/ Reuters
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* Data or observations with associated geographic
Information

* Meaningthat it is multidimensional (2D), with an x, y location in space
* Can alsobe 3D (not coveredin this class)

* Large data sets!

* Can easily reach a terabytein size

* Time consuming to analyze

* To deal with this size issue, very large geospatial datasets will oftenbe

provided ina more compact
file format (e.g. NetCDF, GRIB)
* May require pre-processing of the data to input it into ArcGIS

In GIS, vector and raster are two different ways of representing spatial data.
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GIS DATA Types of Types of Features Attributes
GIS Files Vector Files a vector file’s “objects” the properties of
each feature

Y

Ex: restaurants Ex: address, type of food

Common extensions:
o .shp (shapefile

o .EE0|S0n

Ex: roads Ex: length, speed limit

v

Ex: countries

A4

Ex: population, GDP

Common extensions:

o _tif {geotiff)

* important terms are underlined

http://metrocosm.com/qgis/
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Raster Data
Raster are regularly spacedgrids. Raster data stores information of features in cell-

based manner. Satellite images, photogrammetry and scanned maps are all raster-
based data. Images are types of (multi-band) raster. Rasters are generally identified by
corner locations of the data set, size of grid, and units of the measure (elevation,
reflectivity, etc...)

Basic Elements:

« Extent # Rows # Columns

* Origin

* Orientation

* Resolution: pixel = grain = grid cell
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Vector data is NOT made up of a grid of pixels. Instead, vector graphics are comprised of vertices and path S.
The three basic symbol types for vector data are points, lines and polygons (areas).

Points can have (x,y) coordinates, (x,y,z) coordinates, and (x,y,m) coordinates with
m being the third dimension (can be time, distance, or any measure)

Points Lines

Basic Elements: o ° il

 Location (x,y) or (x,y,2) = - |

* Explicit, i.e. pegged to a coordinate ° ¢ e l
system —

* Different coordinate system (and

precision) require different values o e.g.

UTM as integer (but large) o Lat, long as "

two floating point numbers +/-
* Points are used to build more complex g S — ;

features

Polygons Annotation
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Rainfall Stations

Rivers

E Watershed

Point

Polygon

Line
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GIS Vector GIS Raster

Map Feature Format Format
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GIS Vector GIS Raster
Format Format

L C

Map Feature
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Advantage and disadvantage of using raster and vector data
*Raster data model recordvalue of all the points of the area covered
which required more data storage than model represented by the vector
model.

*Raster data is less expensive to create computationally compare to
vector graphics.

*Raster data has issue while overlaying multiple images.

*Vector data are easily overlaid, for example overlaying roads, rivers,
land use are easier than raster data.

*VVector data are easier to scale, re-projector register.

*Vector data are more compatible with the relational database
management system.

*Vector file sizes are much smaller than raster image file.

*Vector data are easier to update like adding river stream but has to be
recreated for the raster image.

Source:
http://support.pitneybowes.com/SearchArticles/VFP0O5 KnowledgeWithSideb
arHowTo?id=kA180000000Cu9DCAS&popup=false;&lang=en_US
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Spatial data have spatial reference:

They have coordinate values and a system of reference for these coordinates. As a fairly
simple example, consider the locations of points on the Earth.

This data set consists of points only. When we want to draw these points on a (flat) map,
we are faced with the problem of projection: we have to translate from the spherical
longitude/latitude system to a new, non-spherical coordinate system, which inevitably
changes their relative positions.
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(:lt?::ml:’:‘u:m.fﬁiuy'e Settings  Pluprs  Veoor  Raster Database Web  HOMGH  Processng  Mep Menu bar i " 3
BRLAK (P22 8PP 5EEMR) 06 -H-5- =S a0
LA AW %1 B “4E41 55 Q0K A0w B Toolbars
GeTTe B
The QGIS interface is separated into four
g interface types: menu bar, toolbars, panels,
> Status Bar and map display.
Bow : :
= e Map display
w AT L-#20
Panels More to read:
https://docs.qgis.org/2.18/en/docs/training
manual/introduction/overview.html
https://docs.qgis.org/testing/en/docs/user
manual/introduction/qgis_ gui.html
Tasdy Status Bar Coxdrate | -L262. L 155 (B8 Sode | 1936032 - Yogrdes | 100% 3. Fomwn 007 e Orxsas Q@ D


https://docs.qgis.org/2.18/en/docs/training_manual/introduction/overview.html
https://docs.qgis.org/2.18/en/docs/training_manual/introduction/overview.html
https://docs.qgis.org/2.18/en/docs/training_manual/introduction/overview.html
https://docs.qgis.org/2.18/en/docs/training_manual/introduction/overview.html
https://docs.qgis.org/2.18/en/docs/training_manual/introduction/overview.html

U c I | Task 1-Importing Spreadsheets, CSV files and text

file

() *Untitled Project - QGIS

Form menu:
Or enu' Project Edit View Layer Settings Plugins Vector Raster Database Web HCMGIS Processing Help

D & Data Source Manager Ctrl+L F\ i§ /l;a { E£ ‘7\72.\\' \"ﬂ e A &~
Create Layer » § JE—
Q @ \/: / Add Layer v\ Add Vector Layer... Ctrl+Shift+V L3
L aye r >Ad d I aye r Browser Embed Layers and Groups... 'u Add Raster Layer... Ctrl+Shift+R B
e TO Add from Layer Definition File... 7., Add Delimited Text Layer...
>Add Delimited Text Layer o= o o e -
» [@ Home S /% Add Spatialite Layer... Ctrl+Shift+L
> [ €A Z R Add MSSQL Spatial Layer... Ctrl+Shift+M
» [0 DA Copy Layer I, Add DB2 Spatial Layer... Ctrl+Shift+2
: D E\ Paste Layer/Group @, Add Oracle Spatial Layer... Ctrl+Shift+0
E ;\\ Opin Atiibite Table o W3 Add/Edit Virtual Layer.. |
. . B Cobadinge Toggte Editing (‘Lg Add WMS/WMTS Layer... Ctrl+ Shifts W
FI I e th at WI I I be used £ Spatialite Save Layer Edits ﬁ‘j Add ArcGIS MapServer Layer...
' PostGIS ¥ Current Edits ’ Add WRF NetCDF Layer...
. —— » B Add WPS Binary Layer...
In the task 1: _he @ ssswcsiager.
. L[@ e. T &, ~ _ Save As Layer Definition File... '»‘}6‘ Add WFS Layer...
— [l Remove Layer/Group Ctrl+D <

. - f &¢ Add ArcGIS FeatureServer Layer...
S I g n I " .| Duplicate Layer(s)

Set Scale Visibility of Layer(s)

(significant earthquakes)

Set Project CRS from Layer
Properties...
Filter... Ctrl+F

NOAA's National Geophysical Data Center =~ = s
produces a great dataset of all significant ;oo
earthquakes

o8 §

Hide All from Overview

|




UCI Stop!

A geographic coordinate systemis a method for describing the position of a geographic
location on the earth's surface using spherical measures of latitude and longitude.

Latitude Longitude

Equator

Microsoft lustration meridian

Credit: Illinois State University

Latitude and Longitude are the two angles that define the precision
location of a point on earth or the GPS coordinates.
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Get Latitude and Longitude: https://mww.latlong.net/

Place Name

Add the country code for better results. Ex: London, UK

Latitude

Longitude
43222015 76.851250
\
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() Data Source Manager | Delimited Text ? X
i Browser File name |C:\,IJsers‘n,CHRS—l‘nDeskbap‘nsignif.txt
VA Layer name |signi1c | Encoding |UTF-8 ~
*
~

Rast w File Format
aster
*

o, () €5V (comma separated values) Tab [] colon [ space
ral

Mesh )
* O Regular expression delimiter [[] semicolon [] comma Others I:I
, Delimited Text (®) Custom delimiters G l:l E=rE l:l

“4 GeoPackage P Record and Fields Options
- w Geometry Definition
7y Spatialite
(® Point coordinates ¥ field | LONGITUDE o
o PostgresQl O Well known text (WKT) ¥ field | LATITUDE v
(0 Mo geometry (attribute only table e
= MSSOL =
Geometry CRS Project CRS: EPSG:4326 - WGS 34 e —‘,-E

- Oracle )
w Layer Settings

DB%. DB2 [ use spatial index [ use subset index [ watch file
‘!F Virtual Layer Sample Data

+
@ WMS/WMTS D FLAG_TSUMAMI YEAR MONTH DAY HOUR MINUTE SECOND FOCAL_DEPTH ™
i WMS/WMTS i 50

‘:@i WCS L4 > .

L WS

#*

- ArcGlS Map Server

It is easy to confuse X and Y coordinates.

Latitude is a Y coordinate.
Longitude is a X coordinate.
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Geographic Coordinate Systems

The issue: projecting a sphere (3D) on a 2D plane with minimal distortion

=

=
=

Coordinate reference systems (CRS): how to represent a bumpy ellipsoid on the
plane.
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CYLINDRICAL GRATICULE Cyinder
4'7:“ Secant
{ 1 4 or
T d}}' Tangent
C——
GLOBE
\E]e GRATICULE CONIC GRATICULE
Projections ﬁ% -
(3 basic categories) \ n ; ) ’ Tangent
PLANAR {AZIMUTHAL) GRATICULE
Plane

Secant
or
Tangent




* Any one
projection
cannot
simultaneously
preserve all four
of these qualities
of the world:

* Shape

* Area

* Direction
* Distance

Sinusoidal Equal-Area Projection



U‘ I | Coordinate Systems

GIS applications store data features using X, y, z coordinates that represent locations via
a defined geographic coordinate system. A coordinate system is a reference that links
the locations of geographic features using a datum and map projection system. A datum
IS a representation of the earth’s surface from a mathematical viewpoint. The most
frequently used datum is the world geodetic system of 1984 (WGS84) which is widely
used for location measurement and referencing. Generally, there are two types of
coordinate systems:. (a) a global (spherical) coordinate system such as latitude-
longitude alternatively referred to as geographic coordinate systems; (b) a projected
coordinate system based on a map projection scheme that transforms the spherical
surface of the earth into a two dimensional system (x,y coordinates).




U‘ I Coordinate Systems

The process of transforming a three dimensional curved system into a two dimensional
Cartesian plane is known as projection. Both geographic and projected coordinate
systems define a framework for locating geographic features. In ArcGIS application,
both geographic and projected coordinate systems can be used to define locations.
When you are working with multiple layers of data with different coordinate system,
ArcGIS canintegrate your layers as long as each layer has a defined spatial reference.

‘f{

o
Wiy
-+

o

55 AasawE
T
' 13 {
e 17 1
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A spatial reference defines the coordinate systemand spatial

properties of datasets. In QGIS application, the spatial reference
parametersinclude:

*The coordinate system (e.g., latitude-longitude)
*The precision of the coordinates or the coordinate resolution

*Processingtolerances

*The spatial domain or the map extent




Most commonly used for GIS

* WGS84
* NADS83

You'll want to make sure all your GIS layers are using the same Geographic Coordinate System!

* Ifyour data isn’t displaying correctly, an mismatched coordinate system is the most common

reason why

More to read about Coordinate Reference Systems:
https://docs.qgis.org/testing/en/docs/gentle gis_introduction/coordinate reference_syst

ems.html



Task 2- Importing a shapefile (map of world)

- QGIS
=w Layer Settings Plugins Vector Raster Database Web HCMGIS Processing Help
{8 Data Source Manager Ctrl+L ) ;H) (}/_{i & “E “.gj [‘T[ e 3 (>)
Create Layer 4 —
ﬁ Add Layer » V. Add Vector Layer.. Ctrl+Shift+V
Embed Layers and Groups... ¥, AddRaster Layer... Ctrl+Shift+R
) Add from Layer Definition File... 9, Add Delimited Text Layer...
File that will be used in the task 2: D oS - S i
. ﬂz Add Spatialite Layer... Ctrl+Shift+L
Paste Style
R Add MSSQL Spatial Layer... Ctrl+Shift+M
7 Copy Layer @, Add DB2 Spatial Layer... Ctrl+Shift+2
TM WO RLD BO RDERS S I M PL'O.S .Shp Paste Layer/Group @, Add Oracle Spatial Layer... Ctrl+Shift+0
= open Attribute Table =3 {a Add/Edlt Virtual Layer...
Toggle Editing @ Add WMS/WMTS Layer... Ctrl+Shift+W
’ Save Layer Edits @ Add ArcGIS MapServer Layer... ‘
Clvrent Edits , BE  Add WRF NetCDF Layer...
E Add WPS Binary Layer..,
LI o &3 Add WCS Layer...
Save As Layer Definition File... ‘\;‘3 Add WFS Layer...
— L4 Remove Layer/Group b ‘2{8 Add ArcGIS FeatureServer Layer...
.| Duplicate Layer(s)
x Set Scale Visibility of Layer(s)
] Set CRS of Layer(s) Ctrl+Shift+C ‘
RLD Set Project CRS from Layer
Properties..,
Filter... Ctrl+F
*<  Labeling

@2 Show in Overview
o0 Show All in Overview
it

Hide All from Overview

[ o

—
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(2} Data Source Manager | Vector ? x

Source Type

@ File () Directory () Database () Protocol: HTTP(S), doud, etc.

Encoding System w
]
Mesh Source I
Vector Dataset(s) |C:‘\IJsers‘|,CHRS—1\DE5kbap‘\135k two'world\TM_WORLD_BORDERS_SIMPL-0.3.shp €| |[.. 1
Delimited Text
]
- i
GeoPackage "

‘ Spatialite
PostgreSQL
MSSCL
Oracle

A DB2

. Virtual Layer

WIS WMTS

= n ‘ HEII:I







U c I | Task 3- Your turn

Task 3- Repeat task 1 and 2 with the below datasets:

1- us states
2- Qmax-63-01




U c I : Task 4- W orking with Attributes

Task 4- In this task we want to explore how to view attributes and do queries on them.

Continue with task 3.
-Make 2 copies of point dataset.

-Right-click the layer and select Open Attribute Table

-Explore it! Whatdo you see?

() “Untttied Prmpes - TGS

m Pryec B4k Yew (e Semnge Puges Yeom

BEGEY Q%2
REV. L@
Srzaser s x
s T20
Faocerss

ETEFRITRO
f".’-l g Pl
g
»

2
L]

| g @
."f

g
OO0 jme vane




Perform query on attributes

G'! Cirnax-63-01 copy :: Features Total: 48, Filtered: 48, Selected: 0

E L T B &P EE e

D lat lzn area pval est
1 5446500 41,5561111 -90,1852778 9549 0.034237572 0.236486702
-Take a |00k at Pval 2 5518000 411828134 -87.3403006 1779 0.026825223 0.247297523
and est. 3 5536190 415611467 -87.4805959 70.7 0.000245964 0.410015033
4 5597500 37.73116079 -88,8892345 3.7 0.009955006 0.28822839
-Close Attribute 5 4185000 41,50449567 -84,4296719 410 0.027657241 0246112744
table. 6 7166500 37.5297764 -95.674703 1004 0.043262808 0.226289133
7 4166100 424475356 -83.29743079 279 0.032236974 0.239189408
8 4166000 425458678 -83.2235418 33.3 0.025183473 0.250339212
9 6909000 38.980306 -02,7454638 500700 0.020822961 0.258458321
10 4166300 4246447955 -83.369655 17.5 0.018927033 0.261985205
11 6919500 37.83420277 -93,8754918 420 0.043334307 0.225675882
12 3346000 30.01004218 -87.9455882 318 0.009682795 0.287449393
13 4099510 41.6344947 -85.109691 106 0.001149306 0.357624831
14 3379500 38.63477048 -88.2972663 1131 0.02017327 0.259635423
15 3372000 38.3864372 -87.9755884 228 0.028534798 0.244594818
16 6917000 38.00892428 -94,7041264 314 0.020824951 0.257759784
17 6790500 41,26334596 -98.449236 4302 0.040857811 0.228688253

T Show All Features,



U c I | Selecting points with especial attribute

Project Edit View Layer Settings Plugins Vector Raste

DEBRRRERE O L L,

RV 2w ¥y ) B2

Browser g X
IeT™0O
- Right click on the point layer and select Properties. e v 2
> [i] eX
> [ DA
> OB\
> [ R
> [ G\
® GeoPackage
f SpatiaLite
! PostGIS

T

Layers g X
& l@ LA ¢ 8-4 \lF S
© Qmax-63-01 copy ?|

Mi® Qmax-63-01ci -
| | states

Zoom to Layer
Zoom to Selection
©2  Show in Overview
Show Feature Count
Copy Layer

Rename Layer

Duplicate Layer

H B

Remove Layer..,
Move to Top

Open Attribute Table
Filter...

Set Layer Scale Visibility...

Set CRS >
Export »
Styles >
Q. Type to locate (Ctrl+K) R E
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() Layer Properties - Qmax-63-01 copy copy | Seurce ? *

Q, w Settings

~  Layer name |Qmax—63—01 copy copy | displayed as |Qmax-63-01 copy copy |

q Information

- In the Source tab, find 3 S Geometry and Coordinate Reference System |

Set source coordinate reference system

Query Builder. e

Create Spatial Index  Update Extents

<
Y

Labels

_ W Provider Feature Filter
Diagrams

Source Fields
Attributes Form
Joins

Auxiliary Storage
Actions

Display
Rendering |

Variables

; Metadata i

Query Builder

o Style - Cancel Apply Help

[ =0 " T

Dependencies
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1- Enter the below expression:
"pval" < 0.05 AND "est">0

Click ok.

Take a look at what happens.

2- Redo (1) with using the below
expression:
"pval" < 0.05 AND "est"<0

Au

Jjal

|
Zh

Jqg
A4
sh

A Desices Licass Cottina imine  Varka . aea U
- —
{2 Query Builder x
Set provider filter on Qmax-63-01 copy
Fields Values |
D Q, search... |
lat
lon
area
pval
est
Sample Al
[] use unfiltered layer
w Operators
= < > LIKE %o IN MNOT IN
< = ! ILIKE AMD OR NOT
Provider specific filter expression
"pval" < 0.05 AND "est">()
< >
OK Test Clear Cancel Help
1 il




U c I Task 5- Map time!

In this task we will learn how to make our first print-ready map. First change the color
of USA map.

Right click on the state layer and select Properties.

In Symbology tab, find single symbol. And then find simple white.

ReV. /e . 1 I QeR ~o= B




STy
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Now change the style and color of points.

Right click on the point layers you selected by "pval" < 0.05 AND "est">0 and

select Properties.

In Symbology tab, find single symbol and maker and find a triangle symbol, then make it
blue.

Browser f x
ri Q
GeY®0 B
- e —— - A ’Sﬂ&slnbd
) 4 >
(3 Select Color ? x Al A
- b = ¢ ; A Simple markes
e . O I i ]
i 4= @ . »
. #3375dd -
- EEEE
#ticict
- N
¥ A
- - I
Uit | Mlioeter v
"o - T
Opacty I 100.0 % .
| R - SR - cos | -
-— % :
e 4,00000 SR=S
Rotation 0.00 * S
Curet ‘ . Al Symbols a 14
Od P ~
(4] * . A
Reset
1 topo camp topo hospitsl topo pop capitsl  topo pop city topo pop heuse  topo pap village trangle blue
trungle green triangle red v
trangle green SsveSymbo Advenced ¥

P Layer Renderng
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Redo it for the point layers you selected by "pval' < 0.05 AND "est“<0 by making a red
downward triangle symbol. You have to get something similar to the below map.

—




o e e D B

UCI

Things to Consider When Making a Map!

Basic Map Components

Title

North Arrow

Scale (bar or ratio)
Legend

Neatline

Depending on your map type

and audience:
a. Map Inset

b. Additional text (e.g., metadata,

credits, date)

Orange County Surface Hydrology <*— 1

W {‘&—' E 2
Wl
Legend < 4
—— Streams
[] water Bodies

Coordinate System: GCS North American 1883

Datum: North American 1983

Units: Degree a
=00

Date: 1/28/2018

Author: Charlotte Love




Map Aesthetics

North is always up

Water is blue

Land is green or brown

Red can indicate "danger”

* Try to avoid it unless you are purposefully drawing attention to a specific area

When talking about map scale:
* Large scale = zoomed in, high resolution (Scale ratio = 1:small number)

* Small scale = zoomed out, low resolution (Scale ratio = 1:big number)



Map Aesthetics — Does it really mater?

YES!

* The way you present your data can skew perception
* Color ramp choice
* Number of categories or breaks in the Legend

* How the data was processed (mean, median, interpolation of point data, etc.)




* Bad: Categorical look to the colors

q y . Unemployment
when representing single continuous

value -
LS g v&‘«%s
* Bad: Didn't rename their data layer PN et ~
to something descriptive (the weird TR 1
text that shows under “Legend”)

* Bad: Too many (meaningless)

decimal places in the legend! Legend
' _ ) PghTractSF3
* Bad: Arbitrary use of red in mid- PCTUNEMP
values makes them stand out over |1 0.000000 - 5.400000
| | 5400001 - 10.600000
the rest e S W S I 10500001 - 20300000
 Bad: The two lightest colors are I 20300001 - 31.600000

hard to tell apart [ 31500001 - 67.800000



Map Aesthetics — The Bad (how to fix it)

* Could be improved by simply

Unemployment
choosing a better Color Ramp "
* For a single continuous value, DA ‘ t w«%t
using a monochromatic (one L “,‘ s
color) gradient would be best 20N 29 "YI ;
* Rename their data layer for the S
PghTractSF3
legend PCTUNEMP
0 000000 - 5.400000
* Change the Symbology settings for . . (] 5.400001- 10.600000
. , - — — B 10500001 - 20 200000
their value breaks (you'll learn I 20 300001 - 31 600000
this later) I 3 6500001 - 67 800000



Time to make a beautiful map!
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Go to Add Item > Add Map
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Now we will follow a step by step procedure to make the below map.

Q usa

Layout Edit View HMems Add Hem  Athes  Settings

HoEoR e g hae

B SR B Ll ¥ i

Gk AV RN ¥ bTT o TR TN TR - TR -
o

v" -

1“7 : -130,00 -120.00

e E 60,00
el E
-

1 55.00
Q K

L 2

S E 50.00
- E

N E 45.00
Q :

S A 40,00
ER E

35.00

1 30,00

FE 25.00

F 20,00

- -130.0 -120.00

-110.00

-110.00

-100,00 -§1.00 -60.00 -70.00
—————— P ——

65.00

50.00

40.00

35.00

30.00

125.00

.l?ﬂ.OO
————— ———
-100.00 -50.00 S0.00 -J0.00

oo BB e————m—m——
ey I 1 lis 0

Hems

» ™ Jtem

B O Map 2

% B § <legend»
" . s <Scalebars
B O Map 1

eyt lemPropertes Gudes

Item Properties

x: 20 y:0me page: & 469,-:-*.

x

n




UCl

65.00

60.00

55.00

50.00

45.00

40.00

35.00

30.00

25.00

20.00

-130.00

[_‘ L o

LY
S

-~

-130.00

T
v y

1\
o4 ]
€ &
SA_':RA\
g%y
A_’
& v —=

E)
&Ly

-120.00

¥

-110.00

-100.00

-120.00

-110.00

-100.00

-90.00

-80.00

-80.00

-70.00

-70.00

65.00

60.00

55.00

50.00

45.00

40.00

35.00

30.00

25.00

20.00




U C I ' Task 6- Make a hurricane map

We are going to make the below map that is showing every recorded hurricane, cyclone,
and typhoon going back about 150 years.

180,000 160000 -340.000 120,000 100,000 -80,000 &0.00C 40.C00 0.000 20,000 40,000 60,000 5000 1000000 120000 140000 150,000 180,000

Files you will
need to use for
this task:

1-
Allstorms.ibtrac
s_all lines.vO3r
08.shp

-
ne_110m_admi
n_0_ countries.
shp

— — P— R — | —— ——
0 -140.0CC -120.000 -100.000 -BO.O00 &0.0CO 20,000 0.000 2000 40.000 60,000 892000 100000 20,000 140,000 160,000 180.000

Source: http://metrocosm.com/qgis/




Load the files
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The various styling options are located in the Style tab of the Properties dialog. Change
the color of the world map.
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Change the background color of the main map area.
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Let us explore another styling option. Select the wind value and draw hurricane lines .
This time choose Categorized from the Style tab.
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Choose a color map and Click OK.
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Your turn to make a beautiful map. Be creative!
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U c I sk 7- Make a world population map.

Load the data.
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UCI

Choose a color ramp of your choice and click
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Remove Antarctica
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Task 8- Raster Data
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Each pixel in this raster file has a value of either -1 or 1.
A raster layer consists of one or more raster bands. It is referredto as either
single band or multi band raster. A band represents a matrix of values.
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To better visualize these pixels open Properties> Symbology
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Symbology > Render type > Unique values
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UCI

Make a map only for California. You have to select this state firston the State shapefile.
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UCI

Clip the raster file to the extension of California.
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UCI

Raster> Extraction> Clip Raster by mask layer
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UCI

That's what you will get.
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U c I Task 9- length of lines and number of points
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UCI

Vector>Analysis Tools> Sum line lengths
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UCI

Vector> Analysis Tools> Count Points in Polygon
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U c I ' Task 10- Raster Data 2

Sampling Raster Data using Points or Polygons and installing plugin.

In the raster files we need to extractthe pixel values at certainlocations or aggregate
them over some area. For this we need to install a QGIS plugin, the Point Sampling Tool

Also we need to work with the Zonal Statistics that is in processing toolbox.
The Processing Toolboxis the main element of the processing GUI (more about it here
https://docs.qgis.org/testing/en/docs/user_manual/processing/toolbox.html)

Plugins in QGIS add useful features to the software. Plugins are written by QGIS
developers and other independent users who want to extend the core functionality of the
software. To begin using plugins, you need to know how to download, install and activate
them.
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UCI

(2 Plugins | Al (298)

“ All

™
F -: Installed

Mot installed
Inwalid

Install from ZIP

ﬁ Settings

et

| 1. Point Sampling Tool

|

&

Point sampling tool £°

Samples polygon attributes and raster
values from multiple layers at spedfied
sampling points

The Point Sampling Tool Plugin collects polygon
attributes and raster values from multiple layers at
specified sampling points. You need a point layer with
locations of sampling points and at least one polygon
or raster layer to probe values from. The plugin
creates a new point layer with locations given by the
sampling points and attributes taken from all the
underlying polygons or/and raster cells. Please use
Control and Shift keys in order to select multiple
columns and bands. MNote this tool is not compatible
with mulitipoint sources, unless each multipoint
contains exactly one point. Using multipoint samples
that contain more points in multipoints may produce
unreliable results.

< >

Upgrade All Install plugin

Close Help
T




UCI

The aim of this task is to extract
1- The temperature at urban areas
2- Calculate the average temperature for each county in the United States.

- You need to work with three files.

us.tmax_nohads_Il 20140525 _float.tif (Maximum temprature)
2013 Gaz_ua_national.zip ( representing urban areas in the US.)
tl 2013 _us_county.zip (The united States counties)

Source of this task:
https://www.qggistutorials.com/en/docs/sampling_raster_data.html
Data Sources: [NOAACPC], [USGAZETTEER] [TIGER]



http://www.qgistutorials.com/downloads/us.tmax_nohads_ll_20140525_float.tif
http://www.qgistutorials.com/downloads/2013_Gaz_ua_national.zip
http://www.qgistutorials.com/downloads/tl_2013_us_county.zip
https://www.qgistutorials.com/en/docs/sampling_raster_data.html
https://www.qgistutorials.com/en/docs/credits.html#noaacpc
https://www.qgistutorials.com/en/docs/credits.html#usgazetteer
https://www.qgistutorials.com/en/docs/credits.html#tiger

UCI

Add the raster file

»ear r s . e a
% e A a
= BRI N 5wl A
O et byt 2
TAE Wew b mng Fuges wee  Teoe  Destes

= E. Tas eiavy Varage el ‘

O Loy .

¢
FRADYNArN

L LB

e QOB A@e

!
i
oo

= _ SR L A B el

N 1 = ze s
= - §
g " & 7 e
2= - I - -y -
WOMGE Pocceny Ml
. » - - i r._ — i
0 - 9 z =,

o -

s
-

L
[




UCI

Add Delimited Text Layer
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UCI

(5} Data Source Manager | Delimited Text ? .
. Browser File name |C:‘\|Jsers‘|,CHR5—1‘l.Deskth‘l,135k 1042013 _Gaz_ua_national. bet a
- Vector Layer name |2[113_Gaz_ua_national | Encoding |UTF-8 ~
™
A
w File Format
- Raster
T () €5V {comma separated values) Tab [] colon [] space
s Mesh
+ () Regular expression delimiter [] semicalon (] comma Others | |
, Delimited Text (®) Custom delimiters Quote | | Escape | |
GeoPackage w Record and Fields Options
s Mumber of header lines to discard |D = | [] Decimal separator is comma
SpatiaLite
First record has field names [ Trim fields
PostgreSOL Detect field types [] piscard empty fields
MSSOL ¥ Geometry Definition
(®) Point coordinates ¥ field |INTETLONG e
Oracle
f8cie '::l Well known text (WKT) ¥ field | INTPTLAT n
DE2 () No geometry (attribute only table) [] OMS coordinates
S Geomeiry CRS EPSG:4326 - WGS 84 ~ —‘;E,
Virtual Layer
W Layer Settings
WMS/WMTS o )
S [] use spatial index [ use subset index [] watch file
wcC Sample Data
W
WFS
Close Add Help :

ArcGlS Map Server




UCI

Open Plugins from menu then in the Analyses select the Point sampling tool.
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UCI

In the Point Sampling Tool dialog please select 2013 _Gaz_ua_national as the Layer
containing sampling points. Then, Choose GEOID and NAME fields from the
2013 Gaz_ua_national layer. choose the us.tmax nohads Il {YYYYMMDD} float:

Band 1. Name the output vector layer as max_temparature_at_urban_locations.shp
B nd Wy By % @5 &l & ‘«é.!; ‘Qi@ P>O % g
Identify Results
g 0
(3 Point Sampling Tool ? X

Value

us.tmax_nohac
General Fields About ;
@
Layer containing sampling points: an... 26430113
Jer...
| 2013_Gaz_ua_national

Layers with fields/bands to get values from:

2013 Gaz_ua_national : GEOID (source point)
2013_Gaz_ua_national : NAME (source point)
2013_Gaz_ua_national : UATYPE (source point)
2013_Gaz_ua_national : ALAND (source point)
2013_Gaz_ua_national : ANATER (source point)
2013_Gaz_ua_national : ALAND_SQMI (source point)
2013_Gaz_ua_national : AWATER_SCMI (source point)
2013_Gaz_ua_national : INTPTLAT (source point)
2013_Gaz_ua_national : INTPTLONG (source point)
us.tmax_nohads_|lI_20140525_float : Band 1 (raster)

Qutput point vector layer:

lC: JUsers/CHRS-1/max_temparature_at_urban_locations.shp Browse

Add created layer to the map

Status:
Complete the input fields and press OK... E

Close




Cl

The temperature at urban areas
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UCI

Calculate the average temperature for each county in the United States
Add vector layer.
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UCI

Make sure that both the raster file and the vector file are having same projection
system.

{3} Coordinate Reference System Selector

Define this layer's coordinate reference system:

This layer appears to have no projection specification, By default, this layer will now have its projection set to that
of the project, but you may override this by selecting a different projection below,

Fiter | O,

Recently used coordinate reference systems

Coordinate Reference System

Authority ID 2
* Generated CRS (+proj=longlat +ellps=andrae +no_defs) USER: 100001
| *Generated CRS (+proj=stere Hat_0=90 Hat_ts=60 Hon_0=-105...  USER:100000
|| World_Van_der_Grinten_| EPSG:54029
MADES EPSG:4209
1| WG5S 84 EP5G:4326
w
[« >
Coordinate reference systems of the world [] Hide deprecated CRSs
Coordinate Reference System Authority ID 2
WGS 66 EPSG:47R0
WGSs 72 EPSG:4322
WG5S T2BE EPSG:4324
WGESs 84 EPSG:4326 w
£ >
Selected CRS [WGS 54
Extent: -180.00, -90.00, 180,00, 90.00 [ ﬁtz -
Proj4: +proj=lonaglat +datum=WG584 +no_defs |. -




UCI

Processing> Toolbox> search for “Zonal Statistics ” and openit .

U "Ureited Pmject - OGS
Hes

Proeca Em Databace Wes Procetieg
= &= T 7 N - (2]

BRERY Q%2 2000 0 WS

& Goapicel Meoduier

View  Layer ¢ Rages HOMGS

Cube 20T £
Corie Aizo W

BSV.2® 7, -9 B
fromer
s Y20

Faveren

ety Corde At 1t

Raradh (wa Corie A-R

o fegrses 3t Tis DoGtOr e Copdrae -10% 06.70 7% ', Scale 241WRT7

TERI=T,

| @ 0@ ~@=2 B

T «

Srocerynyg Tookos

®

Jore Faswex

v () Ramer analyis

b Zoow hatogree

¥ Zons satures

& rogater 0%

Zonal mudtpie regpession sy

ZJanst cester TG

a

Pewds g predhCiar gnd

] aum cpme torme




UCI

Select us.tmax_nohads_|l 20140525 floatas the Raster layer and counties as the
vector layer containing the zones. Enter ZS _as the Output column prefix. Click OK.

() Zonal Statistics ? *

Parameters Log
Raster layer

=" us.tmax_nohads_|l_20140525_float [EP5G:4326] [
Raster band

Band 1 (Gray) S
Vector layer containing zones

= t_2013_us_county [EPSG:4326] R
COutput column prefix
|z

Statistics to calculate

3 elements selected

0% Cancel

Run as Batch Process Run Close Help




UCI

Note: You can have different zonal statistics.
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uCl

Now is your turn, make the map that show the average temperature for each
county in the United States (like the below map)
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Task 11- Playing with vector data and Geoprocessing tools

Geoprocessing tools

lcon Tool Purpose

‘ Convex hullis) Create minimum convex hull(s) for an input
layer, or based on an ID field.

[ o Buffer with * fixed Create buffer(s) around features * based on
distance * distance  fixed distance * based on distance field
field

ra) Intersect Overlay layers such that output contains

areas where both layers intersect.

' Union Overlay layers such that output contains
intersecting and non-intersecting areas.

ﬂ Symmetrical Overlay layers such that output contains
difference those areas of the input and difference

layers that do not intersect.

rg) Clip Overlay layers such that output contains
areas that intersect the clip layer.

‘ } Difference Overlay layers such that output contains
areas not intersecting the clip layer.

' Dissolve Merge features based on input field. All
features with identical input values are
combined to form one single feature.

' Eliminate sliver Merges selected features with the
polygons neighboring polygon with the largest area or

largest common boundary.
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Open “states.shp”> select the states you want to combined to form a single feature.
Then: Geoprocessing tools> Dissolve
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G:! Dizsolve

Parameters Log

Input layer
[~ states [EP5G:4265]

Selected features only

—DEETE e T oo
0 elements selected

Dissolved

|[C|‘Eate temporary layer]

Open output file after running algorithm

Run as Batch Process...

Dissolve

This algaorithm takes a vector layer and combines
their features into new features. One or more
attributes can be spedified to dissolve features
belonging to the same dass (having the same
value for the spedified attributes), alternatively all
features can be dissolved in a single one.

All output geometries will be converted to mult
geometries, In case the input is a polygon layer,
commaon boundaries of adjacent polygons being
dissolved will get erased.

0% Cancel
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That should be what
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UCI

Geoprocessing tools> Dissolve (overlay layers such that output contains intersecting
and non-intersecting areas).
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More reading on Geoprocessingtools : https://grindgis. com/software/qglslba5|0-
editing-tools-in-qgis




U‘ : l Task12- Merge two or more polygons

Open “states.shp” and select “the States” layer and then select the toggle edit
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UCI

Select the features you want with the selection tool from toolbar (by area or single click)

and press ctrl key and click on the features.

() *Untitled Project - QGIS
in Project Edit View Layer Settings Plugins Vector Raster Database Web HCMGIS Processing Help
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UCl

From the Edit menu find merge selected features.
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UCl

Click ok.
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UCl

Please make a merged map like the one below.
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Books to read!

Learning QGIS - Third Edition by Anita Graser €)
Call Number: G70.212 .G73 2016

ISBN: 1785880330

Publication Date: 2016-03-10

Mastering QGIS - Second Edition by Kuri Menke; Richard Smith Jr.; Luig
Pirelli; John Van Hoesen; Phillip Davis €)

ISBN: 1786460378

Publication Date: 2016-09-30

QGIS Map Design by Anita Graser; Gretchen N. Peterson €)
Call Number: GA102 4.E4 G73 2016

ISBN: 9780989421751

Publication Date: 2016-03-01

QGIS Python Programming Cookbook by Joel Lawhead €
Call Number: QA76.73.P98 L33 2015

B SEN: 1783084988

Publication Date: 2015-03-26

Building Mapping Applications with Qgis (ebook) by Erik Westra €)
Call Number: G70.212 W478 2014eb

ISBN: 9781783984671

Publication Date: 2014-12-30




UCI

Free data:
https://freegisdata.rtwilson.com/

Good Resources:
https://docs.qgis.org/2.18/en/docs/user_manual/processing/vect
or_menu.html

https://docs.qgis.org/2.8/it/docs/training_manual/

https://www.nab.vu/sites/default/files/documents/QGI1S%2
OTraining%20Manual.PDFE

https://automating-gis-processes.github.io/2017/course-
info/course-info.html



https://docs.qgis.org/2.8/it/docs/training_manual/
https://www.nab.vu/sites/default/files/documents/QGIS Training Manual.PDF
https://www.nab.vu/sites/default/files/documents/QGIS Training Manual.PDF
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