Datapolitan

Data Solutions for the Modern Metropolis
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PostGIS

Richard Dunks, Co-Instructor
Eric Brelsford, Co-Instructor
Clayton Hunter, TA

Follow along: http://bit.ly/dot_intermediate_gis2
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Goals for the class
Provide a review of key spatial concepts and GIS functions in QGIS
Demonstrate connecting to a spatial database in QGIS
Introduce the structured query language (SQL) for querying relational databases
Practice writing queries in SQL to accomplish Rey spatial analytical tasks with real-world data to
answer meaningful analytical questions
Practice best practices in communicating spatial analysis

Outcomes

You will feel more comfortable with GIS concepts

You will be more familiar with using QGIS

You will understand the purpose of spatial databases

You will have an understanding of the fundamentals of SQL
You will be familiar with advanced styling techniques in QGIS

Goals for this morning
Review basic geospatial principles
Practice performing basic spatial operations in QGIS
Discuss spatial databases
Demonstrate and practice loading data from a spatial database in QGIS
Practice answering an operational question with spatial data
Demonstrate and practice more advanced styling techniques in QGIS
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Basic Spatial Elements

Vector Point Feature Vector Polyline Feature

Point Geometry (indicates the x,y Polyline Geometry (a series of

and z position of the feature) connected vertices that do not form

an enclosed shape)
X

Point attributes (describe the feature) Polyline attributes (describe the feature)

Id, Name, Description Id, Name, Description

1, Tree, Outside our classroom 1, Footpath 1, From class to the playground

2, Light post, At the school entrance 2, Footpath 2, From the school gate to the hall

Vector Polygon Feature

Polygon Geometry (a series of
connected vertices that do form an
enclosed shape)

N R

Polygon attributes (describe the feature)

Id, Name, Description

1, School Boundary, Fenceline for the school
2, Sports Field, We play soccer here

Source: http://docs.qgis.org/2.8/en/docs/gentle_gis_introduction/vector_data.html=overview
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Geographic Information System (GIS) “Any system for capturing, storing, checking, and

Create interactive queries (user-created displaying data related to positions on the Earths
searches) surface”
Analyze spatial information - National Geographic Education Encyclopedia

Edit data in maps

ul I , , h h ."
Present the results of all these operations 3 GI5, you connect data with geography

GISgeography.com

Adding Basemaps (QuickMapServices Plugin)

| Plugins | Vector Raster Database Web

“"+ Manage and Install Plugins...

. Python Console Ctrl+Alt+P

P

P

J/ Plugins | All (384)
Search QuickMap (%]

# QuickMapServices

QuickMapServices

Collection of easy to add basemaps

Convenient list of basemaps. Easy to add as a layer, easy to ¢
edit. Please leave feedback in issues and contribute new servit

Y o1 rating vote(s), 40376 downloads
Tags:

wms,gms,openstreetmap,internet,tms,basemap,mapquest,gc
More info: homepage tracker code repository

Author: NextGIS

Available version: 0.16.2 (in QGIS Official Plugin Repository)

Upgrade all Install plugin

Help Close
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Adding Base Maps (QuickMapServices Plugin)

Processing MMQGIS Window Help “U = = Web | MMQGIS Processing Help
MetaSearch >
j MetaSearch 4 .
@ OpenLayers plugin > a . | QR i
J TileLayerPlugin > | Gy q;] = @ > . OpenLayers plugin ~ * A R 3
2 CartoDB plugin > i CartoDB plugin » - - . |
. QuickMapServices > ¥ Landsat > | . o abe add
) MapQuest > CRERIMED SORAEE @ 2gis ’
1% MapSurfer.NET > b Bing N
@ NASA >
4 0SM > & esm >
“ Rosreestr > -~
Google 4
eAtlas Mos > 7 g
[E Kosmosnimkioru ¥
@ Set proper scale
¥ Landsat »
& About 5 MapQuest 4

i¥ MapSurferMET ~ »

/" QuickMapServices Sejctings ( ““ N ] Mapbox »

General Ties = Add\Edit\Remove | Visibility More services o MNASA >
- = Georgia »
Attention! | 9
Contributed services definitions are provided 'as is' and are not validated by plugin authors. These are ¢ CartcDB »
proof-of-concept and for testing only. Visit https: //github.com/nextais /quickmapservices contrib to add —
new services. Use at your own risk! * Rosreestr 4
£ Sputnik »
+4y Stamen v
"9 Genshtab 4
\ =% Ukraine Cadastre »
| & Waze 4
|
» OSM 4
9 Yandex 4
Bergfex »
Get contributed pack n eAtlas Mos »
Cancel C@ Set proper scale
_ C@ Settings

@5 About

Choosing a Base Map
- Think about what someone reading your map needs to see for context
- Think about how the base map interacts with the data on your map
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Adding Layers

e T ———

P o

HYDROLOGY A
TOPOGRAPHY ——

20BAPHY - o

Layers NO UsE
LAT;UT: m/ oef
(Vector Data) S —Z
STREETS

=
—_DISTRiCTS _/'—

Basemap
(Raster Data)

Shapefiles Shapefile file components:

.shp — The main file that stores the feature geometry

.dbf — The dBASE table storing attribute information of features
.prj — The file that stores the coordinate system information

Basic file for storing map elements
Stores spatial data, like points,

lines, and polygons
' POy o ] .shx — The index file that stores the index of the feature
Multiple files comprise a ‘shapefile T
Column names can only be ten - .cpg—Identifies the character set to be used
characters long - .sbnand .sbx—The files storing spatial index of the features
N — —
. - . . » boros v Search boros ‘
Layer Ordering ISR S KL
Organize » Burn New folder =~ 0 @
Layers on top are drawn on top g '
s . £ L | nybb.dbf 4/4/16 5:35 PM DBF File 1 KE|
JUSt drag and drop Wlthln the B [ nybb.pr 441\: 5:35 PM ?FJ Ff]‘e ‘1 rfs
£] nybb 4/4/16 5:35 PM SHP File 1,074 KB
Layers Panel to change order al| e o s e
&
= 5 items Offline status: Online
] Offline availability: Mot available
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Download and Import Shapefile in QGIS

1. Click this link (http://www.datapolitan.com/DOT_GIS/20160510_Intermediate_GIS/data/boros/
boros.zip) and download the file to your desktop
2. Unzip the file

3. Open in QGIS following steps below

m\ Settings Plugine Vector Raster D
Create Layer L
Add Layer
Embed Layers and Groups...

b Web MMQGIS Processing Help

e BW 7N
", Add Vector Layer... Ctrl+5hift+

I Add Raster Layer... Ctrl+Shift+R

Add from Layer Definition File... @ add PostGIs Layers . PR :
Copy style /7, Add Spatialite Layer... [\(i Add vefoiy\i‘
g Pest style W Add MsSQL Spatial Laver.. | = i
; urce type

Open Attribute Table @), Add Oradle Spatial Layer... |

/' Toggle Editing €% Add WMSAWMTS Lavyer... ® File Directory Database Protocol

4} save Layer Edits

¥ Sav &9, Add Oracle GeoRaster Laye Encoding | System -

# Current Edits 4 @ Add WCS Layer... ]

Save As... (7] Add WFS Layer... S

Save As Layer Definition File... imi
ave As Layer Definition File 9, Add Delimited Text Layer... [r—
[[1 Remove Layer/Group Cirl+D 14 Add virtual Layer... Dataset

r,'f OpeﬂndGRSup ed Layer
L. » boros » v | 44 || Search boros
e W I e ae— . - -

Organize * New folder B=
=
% * Name Date modified Type Size
J L _MACOSK 4/6/16 2:47 PM File folder
| A || nybb.dbf 4/4/16 5:35 PM DEF File 1KB
U L nybbaprj 4/4/16 5:35 PM PRI File 1KB
& | [[£ nybb 4/4/16 5:35 PM SHP File 1,074 KB
& = nybb.shp 4/4/16 5:35 PM XML Document 16 KB
@ || nybb.shx 4/4/16 5:35 PM SHX File 1KB
X
Aaig
E
File name: nybb LAl iles (9 -
1
I Open I l Cancel ]
| | g
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Download and Import a (SV in QGIS

1. Right click this link: http://www.datapolitan.com/DOT_GIS/20160510_Intermediate_GIS/data/
dot_311_20160201_20160207.csv

2. Select "Save link as’
3. Save the file to your desktop

/: Create a Layer from a Delimited Text File

—

Layer name | dot_311_20160201_20160207

File format

Record options
Field options Trim fields

Geometry definition ® Point coordinates

Layer | Settings Plugine Vector Raster Database Web MMQGIS Processing Help
‘e o ® N A

® SV (comma separated values)

Number of header lines to discard | 0 =

Discard empty fields

Create Layer ~
BTETE . Add vector Layer... Ctrl+hift+v
Embed Layers and Groups... ¥ Add Raster Layer.. Ctrl+shift+R
S ———— @, Add PostGIS Layers... Ctrl+5hift+D
[ Copy style /£ Add Spatialite Layer... Crl+5hift-H.
JiliFast=te B Add MSSQL Spatial Layer...  Ctrl+Shift+M
~ | Open Attribute Table @, Add Oracle Spatial Layer... Ctrl+5hift+0
Toggle Editing &) Add WMS/WMTS Layer... Ctrl+5hift+w
[} save Layer Edits &9, Add Oracle GeoRaster Layer...
& current Edits " | add wcs Layer...
Save As... 'j'a Add WFS Layer...

Save As Layer Definition File. ..

Q Remove Layer/Group

. _F o

P

Ctrl4D

. Add Delimited Text Layer...
W Add virtual Layer...
L8 |

Custom delimiters

Well known text (WKT)

Decimal separator is comma

File Name ~_GIS/DOT_GI5/20160510_Intermediate_GI5/data/dot_311_20160201_20160207.csv

Encoding UTF-8

Reqular expression delimiter

R First record has field names

Mo geometry (attribute only table)

-

¥ field | Longitude | ¥ field Latitude - DMS coordinates
Layer settings Use spatial index Use subset index Watch file
Unique Key Created Date Closed Date Agency Agency Name -
1 32574174 02/01/2016 12:06:44 AM | 02/01/2016 06:48:33 AM |DOT Department of Transporta
2 |3257054% 02/01/2016 12:12:00 AM |02/01/2016 01:15:00 AM |DOT Department of Transportati
3 |32572958 02/01/2016 12:14:00 AM |02/01/2016 12:54:00 AM |DOT Department of Transportati
4 | 32573576 02/01/2016 12:15:00 AM |02/01/2016 01:30:00 AM |DOT Department of Transporta -
w
- P ) [ _ - 1
oK Cancel Help
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Projections Three Map Projections Centered at 39 N and 96 W
' . Mematm ;—_‘____ﬁ__ I".a.mhert Conformal Conic
No ones favorite part of GIS 4 = R o
But a necessary part of it nonetheless “7{-’ \~ ] ) o
Convert points on the 3-dimensional \ N 7
. . & ‘\Qf} ' -_—ﬁ-?J_ >
Earth (latitude and longitude) to x and y \JM <7
coordinates on a 2-dimensional map T N, W\
Every projection distorts some part of B :m{ _— 2,3“ >
n-Projected La and Longi
your map Peter H. Dana 6/23/97

For the most part we will work in WGS 84 (latitude and longitude)

In NYC, we use a more accurate projection NY State Plane/Long Island Zone

dentified by unique IDs that make it easier to talk about them
WGS 84 is referred to as EPSG:4326
State Plane Long Island is referred to as EPSG:2263

Fre. 42.—Man’s head dnw 1 on globular pro- Fic. 43.—Man’s head plotted on orthographic pro-
jecti jection,

AT

Fic. 44.—Man’s head plotted on stereographic Fre. 45.—Man’s head plotted on Mercator projec-
projection. tion.

Remember these two
and you should be set
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| — — A N
Eordlnate Reference System Selector‘ - e L__Ig

Specify CRS for layer Parking_Facilties

Setting the Projection |
- Filter by 4326 P s =}

Coordinate Reference System Authority ID

- Select “WGS 84" WG5 84 EPSG4326

- (Click “0K” |
[«1 [(«]>]

Coordi fi of the world Hide deprecated CRSs
Coordinate Reference System |Authority D
=} Geographic Coordinate Systems
WGS 84 EP5G:4326
< [[«]»

Selected CRS: | WG5S 84

+proj=longlat +datum=WG584 +no_defs

OK Cancel Help

The Result

Project Edit View Layer Settings Plugins Vector Raster Database Web MMQGIS Processing Help

DEBRLOR A0 @FL sAPPRALAR 6 -5 -5, -

f/ y n 0% o~ C?) o‘: ﬁ =g = (abg @ sg = nh&; “‘G abel ﬂ) s&
Layers Panel &% |
Vo @ Tavs O

£3 dot 311 20160201 20...
R nybb_2263
% Positron [no labels]

PEIOHHIDINAN

[o
&

v

8

ol

¥

1legend entries removed. Coordinate -8272087,4966672 Scale | 1:388,733 |¥ Rotation 0.0 : % Render @ erscizss7(OTF) @
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Attribute Table (Right click on layer)

Layers Panel (EX] ,/ Attribute table - nybb :: Features total: 5, filtered: 5, selected: 0 - ‘
i ® ¥ &~ & i L ) — - — . ~ e
@ T8 /BRIEG &80 aE & Pe
% © dot_311_20160201_20... -
= _I BoroCode BoroName Shape_Leng Shape_Area
X Positron [no |+ Zoom to Layer . 1|Manhattan 358532.9564179... | 635442167.4670...
Show in Overview
2 |Bronx 464517.8905529... | 1186804144.789...
[l Remove 4
L] Duplicate 2 3 |Brooklyn 725568.9463400... | 1959432236.829...
Set Layer Scale Visibility
4| Queens 861038.4792990... | 3049947236.730...
Set Layer CRS 1
Set Project CRS from Layer 0 5 | Staten Island 330385.0369739... | 1623853249.910...
Styles »
B Open Attribute Table [ T show All Features

4 Toggle Editing
Save As...
Save As Layer Definition File...
Filter..

Show Feature Count

Properties
Rename
|
4 Layers B || 2 i
Styling Features o v3E G : R o -
B Pe T — Single Symbol
. . % Go k) Zoom to Layer ‘ Style
1. Right-click the layer and select the s — £ s
Properties option - Z:tpl.“a(:: Scale Visibility E Fields g'::tﬁ:[:’pwgons
n " Set Lay.er CRS 4 Rendering o [l A
2. Select "Style,” and finally, choose S ® oo S
“ . ” Open Attribute Table @ Actions
(ategorized / waen .
SaveAs.Layer Definition File... = Diagrams
3. Select the column that has the P
data you want to style (from

attribute tab|9) @ Layer Properses®myb sy iD
4.  Select “Classify”

W

.. General

= Categorized -

Column -

123 BoroCode

5. (lick "Apply” and “OK’ P Simbol SR -

1.2 Shape_Leng

EE Felds Symbol 1.2 Shape_Area
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= Categorized -

Column | abe BoroMame ~[€]
Symbol . Change... Color ramp ' Random colors - Edit I t
|symbol [value  |Legend
3 Bronx Bron:
® Brooklyn Brooklyn
® Manhattan Manhattan
x® Queens Queens
® StatenIsl... Staten Island
x
Classify Add Delete Delete all Advanced ~
¥ Layer rendering
Layer transparency 0 =
Layer blending mode Normal | Feature blending mode Normal v
Draw effects (K]
Control feature rendering order | | ‘ ‘
Style - | OK | Cancel Apply Help

Exampl fter styling boroughs with random col
Style the points and P0|yg0nS however you'd ||he Xample map arter Styling borougns with randaom colors
Try adding labels to the data

Get familiar with the interface

Spatial Databases

Database

“An organized collection of data” - Wikipedia
Another source of data

A program that often runs on a computer other than the one youre using (a server)

You can connect to databases through many types of software, including QGIS
Spatial Database

A database that stores spatial features

Optimized for processing spatial data, especially location-aware queries
Both a storage and analysis tool

www.datapolitan.com
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Layer| Settings  Plugine  Vector

Raster Database Web MMQGIS Processing Help

Connecting to a spatial database

»i,_‘
f -

Create Layer ’ m W 7 7 ~
1. Layer->Add Layer -> Add PostGIS e T—r— O g |
Layers e
2. Under Connections, select “New” |- .0 e}
Add connection information }/ Toadesdins @ padumsnsioer.. - cotisnfa |
4.  (lick to save username and 5 Add fgsih Tapleld] F J L e i
password comectens |
5. (Click “Test Connection” to : T [ st e s [ =
make sure everything is P—— —— e | |
entered properly (g A [P 3|

Click “OK”
Click “Connect”

Click on the tables you want to load and select
‘Add”

Now the data is just the same as any other data
source (CSV, shapefile, etc)

Connection Information for class

Connection Information

Name Amazon AWS

Service

Host training.c lerymiuaddx.us-east-1.rds.amazonaws.com

Port 5432

Database | training

SSL mode | disable -
Authentication | Configurations |

Username | dot_student X Save

® Save

Password  eeses

Name: (whatever youd like)

Test Connection

Host: training.c1erymiuagdx.us-east-1.rds.amazonaws.com
Port: 5432

Database: training

Username: dot_student

Password: qgis

Only show layers in the layer registries

Don't resolve type of unrestricted columns (GEOMETRY)
Only look in the 'public’ schema

Also list tables with no geometry

Use estimated table metadata

Cancel Help

Page 13 of 32

www.datapolitan.com

442 E. Lorimer St., #144, Brooklyn, NY 11206


http://training.c1erymiua9dx.us
http://east-1.rds.amazonaws.com
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./ Add PostGIS Table(s)

(-2 [WE3E “ / Add Postars L r Ty
Connections Connections
Amazon AWS - Amazon AWS A
New Edit Delete Load Save New Edit Delete Load Save
|schema [ Table Comment Column Data Type | lSE‘diem:r [ able | comment | column | Data Type |
% ::cublic bike_routes_2015 geom Geometry
puc t311 geom eomey
' ublc e boro Geometry
public nyc_cd_2263 geom Geometry
I public nyc_cd_4326 geom Geometry
| A\ public raster_columns extent Geometry
[ D < (]
Also list tables with no geometry Keep dialog open Also list tables with no geometry Keep dialog open
Search options Search options
Add ] [ Set Filter Close Help Set Filter Close Help
_ A o
Layers Panel HAatersor
. . . . . d & E |l I
Exercise 1 - Selecting Injuries in a Borough 87 & HEFL LN
ark
o o . —_
- Addthe “injuries” tabletoyourmap [T &) Zoomto Layer
. . e oow — biks Show in Overvi
- Right clickand select Filter.." | ~ W o in Bvenew
B 02 m [l Remove
- Select borough and query for your borough | ‘e 2045 Duplicate
""" © 201 Set Layer Scale Visibility
..... — nyc
_____ ® dot Set Layer CRS
T . Set Project CRS f L
TIP: Always test your queries o dot ol rom Layer
""" B vl styles »
----- Positro
to make sure they return X Google| ™= Open Attribute Table
resulting rows e
Save As Layer Definition File...
Show Feature Count
P rti
Provider specific filter expression | RFDPE =
"borough™ = 'QUEENS' | cname
< a0
Test Clear Cancel Help

www.datapolitan.com
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Save Selected Features as a Shapefile

Layers Panel (&% /' Save vector layeras.. (B[S
@ T &, -
@ © T . 1 _f Q Format | ESRI Shapefile v
= Save as JOT_GIS/DOT_GIS/data/queens_injuries.shp
— bike| ' Zoomto Layer
— bike Show in Overview CRS Selected CRS (EPSG:4326, WGS 84) - [ /)
nyc_|
= nyodll Remove —
Encoding System | [

® 2015[_] Duplicate

© 2018 gt | ayer Scale Visibility o _
— nyc| Skip attribute creation

[[] save only selected features

o dot_ Set Layer CRS X Add saved file to map
i dotI; Set Project CRS from Layer Bt No symbology -
ny! 3 y
.-'% Positron L= Scale [1:50000 =)
Google R~ Open Attribute Table
P Geometry

> Extent (current: layer)

Save As Layer Definition File...

Filter... P Layer Options

]|

Show Feature Count P Custom Options

Kl

Properties

Rename oK Cancel Help

Database datatypes
Like attribute tables, database columns have types
Numbers, text (strings), and dates are the main types
Spatial databases add geometry columns
Geometry columns let us map our data

Why use a spatial database? Drawbacks of using a spatial database

One authoritative copy of data - Not as simple as a (SV file or shapefile
Multiple people canuse and edititatonce - It takes some setup to connect to a database
Generally is going to be faster thanusinga - Need permission to connect to a database
shapefile - Need to Rnow SQL to get the most out of it
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Types of Maps

General Reference Maps

nationalat/as.gov GENERAL REFERENCE

Where We Are

Show important physical features of an area
Include natural and man-made features
Usually meant to help aid in the navigation
or discovery of locations

Usually fairly simple

(an be stylized based on the intended
audience (tourists vs locals)

The National Atlas of the United States of America®

Thematic Maps

Focuses on a specific theme or subject area
Features on the map represent the phenomenon being mapped
Spatial features used for reference

u.s. Motor Vehicle Fatalltles 2008

jeth map using stand

USDA Plant Hardiness Zone Map
—

Created by Bridgette Eischens
Source: US.

e e
Alaska and Hawaii not to scale
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Basic Spatial Joins -
Point to Polygon -> Relate points inside a polygon to that polygon (ex. :
count the number of points)
Polygon to Point -> Points can take on value of enclosing polygon

Exercise 2 - Which Community Boards in NYC have the highest number of

1 - 13 Injuries

13 - 25 Injuries
25 - 35 Injuries
35 - 48 Injuries
48 - 84 Injuries

bicyclist injuries?

NYC Community Board boundaries and bicyclist injuries Map of bicyclist injuries by NYC Community Board that we'll create
Gathering the data The Task
Add the ‘nyc_cd_4326" table - Joininjuries (points) to community districts
Add the “injuries” table (polygons)
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Vector | Raster Datat Web MMQGIS Processing Help

Coordinate Capture ~ &
BPP Q&

Dxf25Shp
EREEE

GPS
OpenStreetMap
S . I J 4 Road graph
patial Join steps ——
Topology Checker

1. Vector->Data Management Tools->Join Attributes by Location 4 savss roos :

‘JL Research Tools

2. Select the target layer (the layer the attributes will goto) @ seomecessna oo

%2 Geometry Tools

3. Select the join layer (the layer attributes are taken from) R N

oin A b b o 0

4. Select “Take summary of intersecting features’, check “Sum’ 7 SptVector Laye..

[ Merge Shapefiles to One...

5. Select the location for the shapefile CreteSpatl ndes..

“ L P . . -
6. Select “Keep all records <z fen seafoutes by lecstion -y
Target vector layer
. “ ”
7 CIICh OK Inyc_cd_4326 :l
.
Join vector layer
. m— = Iinjuries ;l
,/_ Attribute table - nycd_4326_injuries :: Features total: 71, filtered: 71, selected: 0 - [ = g
— P - — -, ) } Attribute Summary
: EX B E ) ) 8 |= ? :
4 B < [ m [ = | = .} > [ Q @ T () Take attributes of first located feature
gid borocd shape_leng shape_area COUNT = (e) Take summary of intersecting features
36 101| 73149.57701239... | 42527342.57199._§| 21.00000000000... -
| 32 L ) Mean [ ] Min [ ] Max [« Sum [ ] Median
55 102 | 34940.44895600... | 37720580.19759..§ 33.00000000000... —
| 55 Output Shapefile
o 43 103 | 30356.50620920... | 46907648.25429..§| 48.00000000000... IIhomeleric/DesktopldoVnycd_injuries.shp '
s 56 104 | 67931.82693130... | 49292600.89890.. 24.00000000000... Output table
| ®) i
I : 9 105 | 35287.62241340... | 43796763.41889.. | 66.00000000000... @ D I R
() Keep all records (including non-matching target records)
|6 8 106 | 40626.73408339... | 38704874.05979..§| 46.00000000000...
-
| 52 107 | 39863.24147480... | 53154054.52440..§| 23.00000000000... E
T show Al Features =
E — —
Attribute table with successfully joined features I - | [
 Layer Properties - nycd_4326_injuries | Style . N S (-2 [
% General = Graduated >
Colurn 1.2 COUNT - @
@3 Lves Symbol [T change...
Legend Format | %1 - %2 Injuries Predsion 0 : Trim
B8 Fields
Method Color -
o/ nenderi .
4 Rendering Color ramp -[source] v Edit Invert Style Settlngs
Classes | Histogram | for the
Mode | Natural Breaks (Jenks) |+ Classes (5 | = Classify
d
§ sons I [T | choropleth map
x[ | 1.00-13.00 1- 13 Injuries
[ER piagrams x| | 13.00-25.... 13- 25 Injuries
P x [ 25.00-35.... 25-35 Injuries
1 Metadata 2 35.00-48.... 35 -48 Injuries
x 48,00 -84.... 48 -84 Injuries
Variables
Add dass Delete Delete all X Link dlass boundaries
Advanced ~
P Layer rendering
Style - Cancel Apply Help
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Print Composer

How you make exportable and printable maps in QGIS
Able to add map elements (legends, scales, text, etc)

Creating a Print Com

poser

1. Select “New Print Composer”

2. Giveit atitle

3. Add elements to the blank canvas

Motor vehicle injuries by
city council district

[T 1

. QGIS 2.14.1-Essen

Project | Edit View Layer Settings Plugins
" New Ctrl+N .
4. Style elements U &
@ E; I © Open... Ctrl+0
-." Composer title MNew From Template b o—
Open Recent v )R
Create unigue print composer title
. . |
(title generated if left empty) [ save Clrl+s
F save As... ctri+shift+s | []
| I i l% Save as Image... ——
DXF Exportl T
Coce O 9
/| Project Properties... Ctrl+5hift+P
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e, Composer Manager...
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Draw Map Extent

HExdd&edo 58S m
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Customize Item Properties Add Text to Map

Composition Item properties Atlas generation
= e =
Cache ¥ | | Update preview -
T,
Scale 212296 @ |_d
Map rotation  0.00° : @ -
%R Draw map canvas items B
Lock layers for map item E] @ o 0
[ Lock layer styles for map item @
B & Print Composer Problems
¥Ymin | 116303.821 @
o e.ce2 = Map extent -> "Use current map extent
e ¢ Moving map around -> Adjust with arrows
ewextentinnap cnves - "North" arrow -> need to manually align
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Exercise 3 - Which community board has the highest number of bicyclist

injuries off of bicycle paths?

Number of bicyclist injuries

By Community Board
1 June - 30 August 2015

Not on or near NYC bicycle routes

Board boundaries

Steps to answer
1. Buffer bicyclist injuries (points)

Choropleth of bicyclist injuries off DOT bike routes by Community Board

Buffering features

2. Select injuries near bike lanes (intersection of

buffers with bike lane)

3. Invert the selection to find injuries that happened off -

of bike lanes

4. Count the number of injuries off of bike lanes by

community boards
5. Style the result

Gives "size" to 2-D features

Points don't have area

Lines have length but dont have width
Allows for analysis of overlap and
intersection
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Step 0: Load the tables we need

“injuries”
“bike_routes_2015"
“nyc_cd_2263"

SRID Map Units

Step 1: Buffering Features in QGIS

1. Vlector -> Geoprocessing Tools -> Buffer(s)...
2. Select the layer you want to buffer on

3. Select the distance you want to buffer

4. Select the output shapefile

5. Click “0K”

Each projection has a base unit of distance

For WGS 84 its decimal degrees

Best to convert to a projection with simple map units

For NYC, 2263 (NYS Plane Long Island Sound) is best (the

map units are in feet)

Vector | Raster Database Web MMQGIS Processin

Coordinate Capture b F} g-w] 7‘\] |
Dxf2shp N W » =~ ¢
GPS Lo &
OpenStreetMap L F “5 .m“ m%
Road graph b
Spatial Query >
Topology Checker 4
ﬁ Analysis Tools L4
‘L Research Tools L4
O Geoprocessing Tools & @ Convex Hull(s)...
% Geometry Tools & Buffer(s)...
a Data Management Tools  * ) Intersect...
‘ P Union...

/" Buffer(s)

D |l

Input vector layer

injuries hd

lUse only selected features

Segments to approximate 5 :
@ Buffer distance 15

Buffer distance field
EE -]

Dissolve buffer results

Qutput shapefile

ks /Desktop finjuries_15_buffer.shp

® Add result to canvas

Il o% | oK Close
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Reprojecting Data

Right click the “injuries” layer and select “Save As..."
Select the new projection (2263)
Give the file a descriptive name

Click OK

NOTE: were saving data from the
database locally on our computer
when we reproject data this way

Buffer your features again, this time using the reprojected layer

I

— e

Buffered injuries

Step 2: Select injuries near bike lanes

Selected buffers that intersect bike lanes

| Vector | Raster Database Web

Coordinate Capture k

Dxf25hp k

GPS b

OpenStreetMap 4 3
1 Road graph k

Spatial Query

Topology Checker ¢ ‘

MMQGIS Processi

PP

aly

@

‘abpy .‘Ib-£
b

* % spatial Query ‘
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Select by location in QGIS "/ Spatial Query |9 |t

Select source features from

Select the buffered injuries layer

[ ~injuries_2263_15_buffer -
SEleCt Intersects [[] selected geometries
Select the bike routes layer Where the feature
Intersects hi

Select “Create new selection’
. “ " Reference features of
C| | Ch Ap ply /" bike_routes_2015 -

. e
QGIS will now find all the injuries that happened near or on a [ selected geometries
. .
bike route and select just those features And use the resut to
Create new selection -
/' Spatial Query M |I
Select source features from Result feature ID's
Close Apply
(injuries_2263_15_buffer - Result query ~
R 490 selected geometries _
; L]
Where the feature 8
Intersects - ié
13
Reference features of 14
15
\/” bike_routes_2015 - 26
28
[ selected geometries 38
39
44
And use the result to 49 .
Create new selection v g? %
430 of 1389 identified N
Selected features
Zoom to item
490 of 1389 selected by "Create new selection”™ g
Log messages

Step 3: Find injuries off of bike [anes
In the attribute table, select “Invert Selection”

/. Attribute table - injuries_2263_15_buffer = Features total: 1389, filtered: 1389, selected: 490 @M
P = = ~ [ | * R F=) - oo
v "~ { = U ’ & l ’ 12| L < ’ ] t
| | gid | date |Invert selection (Ctrl+R) kough | zip code | latitude | longitude ||Z|
[ | 1/08/30/2015 20:17 TOUEENS [ 11369 | 40.75859440000 | -73.8745114000 || |
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Save the inverted selection as it's own layer

A==

Result after inverting the selection

/" Save vector layer as... - m

- - - —

Format  ESRI Shapefile -

Save as njuries_2263_15_buffer_non_bike_route.shp

CRS Selected CRS (EPSG:2263, NADS3 / New York Long Isl ‘ —‘-_5
. (+]

Encoding System -

R Save only selected features

Skip attribute creation

® Add saved file to map
Symbology export No symbology -
Scale [ 1:50000 ]

P Geometry

[ 3 Extent (current: layer)

P Layer Options

P Custom Options

KD

oK Cancel Help

Step 4: Join the result to the Community Boards (another spatial join)

/" Join attributes by location

Target vector layer
nyc_cd_2263
Join vector layer
injuries_2263_non_bike_path
Attribute Summary

Take attributes of first located feature
® Take summary of intersecting features

Mean Min Max %/ Sum

Qutput Shapefile
D:/Users/datapolitan/Documents/nycd_injuries_non_bike.shp
Output table

Only keep matching records
® Keep all records (incduding non-matching target records)

Browse

Close
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Number of bicyclist injuries
Not on or near NYC bicycle routes

By Community Board

Step 5: Style the result

10 - 18 injuries

LI

Your Turn
Filter the result for your borough
Style @ map of just the community boards in your borough
Develop a hypothesis as to why the injuries are happening in those areas

Goals for the Afternoon

Discuss QGIS and other GIS tools

Provide a basic understanding of open-source technology as it relates to GIS tools
Introduce Structured Query Language for querying databases

Practice using SQL for querying and processing spatial data

Introduce heatmaps and practice creating them in QGIS
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Proprietary vs Open Source Software

Open-Source software Proprietary software
- Free to download - Pay to download
- Free to use - Pay to use (usually with a license)
- Able to change and customize - Not able to change or customize (legally)
- Usually no enterprise support - Usually supported by a team of paid developer
- Supported by a community
SQL SQL queries
Structured Query Language - (anview data
The language databases understand - and change data

Were going to stick to viewing data

SQL Examples
SELECT * SELECT *
FROM injuries FROM injuries
WHERE BOROUGH = 'QUEENS'
In english: "select all the injuries” In english: "select all the injuries in Queens’
Combining conditions
SELECT *
FROM injuries
WHERE borough = 'QUEENS' AND contributi = 'Fatigued/Drowsy'
SELECT *

FROM injuries
WHERE contributi = 'Outside Car Distraction' OR contributi = 'Fatigued/Drowsy'
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DB Manager

- One way to see your database connections and tables

Database
DB Manager L
elis

Offline Editing

L3

<

Web MMQGIS Processing Help
&, DB Manager

- Also a way to run SQL queries on your tables

Postgis SQL Editor *

DB Manager

2 LY @E‘% B DB Manager 2 LY lilﬂl%
Database | Schema Table Database Schema Table
Re-connect
= & 2
£ Refresh 5 2Es 8
B SQLwindow 2 Info | Table | Preview L Info | Table | Preview | % Query(amazonaws) B
E— («] @ Oracle Spatial —
Bxit CtilQ injuries 5 % PostGlS (=] Saved query: ! Name store Delete
& Amazon AWS =] Amgn AWS
£ & public B =] public SELECT *
& bike_routes 2015 General info i & bike_routes_2015 FROM injuries
| dot 311 | % dot 311 WHERE borough = 'QUEENS"
| g:n_graphy,mmmns Relation type: Table \ (&) geography_columns orough = 1
| eometry_columns SW”E" t‘a"“"‘ﬁ" \ geometry_columns
ages: :
| Rows (estmation): 1389 | injurles
8 nycb nyc_boro
® :ﬁ z:"’ Privileges select nz(-t i
[E) raster_columns [ [ raster_columns
[ raster_overviews AN s s rengrly rviess | () raster_overviews Gl EE] D)
E;”“Uéﬂ‘ P 15 & E;PE“E'-'ELS"S Execute (F5) | 310 roms, 0.2seconds | Create a view Clear
ostG ®
=] tiger_data tiger_data ~
§topu\ogy Column: geom §mp°,°gy aid date time borough 2ip code |1\j
& Spatialite/Geopackage Geometry: POINT @ & Spatialite/Geopackage 11 08/30/2015 2017 QUEENS 11369
M1 Virtual Layers Dimension: 2 @\ Virtual Layers —
Spatil refi WGS 84 (4326) 2 |4 802015 2220 QUEENS 11368
Estimated extent: -74.12500, 40.57265 - -73.73527, 40.90918
Extent: (unknown) (find out) 3 (2 08/29/2015 18:50 QUEENS 11377
1d 08/29/2015 0:53 QUEENS 11373 {q
Fields b
)
# Name Type Length  Null Default
1oad ints 4 N nextval(miries_oid_seqiregdass)  [a
2 date varchar (254) Y EI
'S &
) DB Manager sSsssesas A48 El_%
Database Schema Table
]
g & &
Load Query Result as I_ayer = Info | Table | Preview | % Query (Amazon AwS) 3
@ Oracle Spatial
E- % PostGIS Saved query: v Name Store Delete
- Amazon AWS
| & @ public SELECT *
° Un query | A& bike_routes 20 FROM injuries
| % dot 311 'WHERE borough = ' QUEENS*
[ [E] geography_co...
“ U | [E] geometry_col
- Select "Load as new layer IR o= )
nyc_boro
® nyccd Execute (F5) | 310 rows, 0.2seconds | Create a view Clear
i [] raster_columns
I d t'f th t I h I d b i (0] raster_overviews aid | date time borough dpcode | Lam:jﬂ
.
en I y e geome ry CO Umn S OU e E;‘“‘a‘ﬁﬁm 1|t 08/30/2015 207 QUEENS 11369 40.75853
tiger.data 2 |4 08/30/2015 220 QUEENS 11368 0.7572273
“ ” S topology =
eom E- a8 SpatiaL ite/Geopackage 3 |2 08/20/2015 18:50 QUEENS 11377 40.7355500 %
-] Virtual Layers al s
%] Load as new layer
.
- (ivethe |aye|' 3 preﬁ X 5 ot [ [5] 8 ceoneyctem [gmon 2 Rever
Layer name (prefix) [injuries_queens | ' setfiter
“ ”
- Select "Load now! ==
.
U )
- Use DB Manager and SQL to select the injuries for the Bronx
Add th '
. e results as a layer in QGIS
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Spatial joins in SQL
You can do the same spatial joins you would do in QGIS using SQL
They give you more control than QGIS does
And you don't have to create new shapefiles

Join Points to Polygons
"Select all of the nyc_boro columns and the count of injuries”

"Use the nyc_boro table”
“Join with injuries, associate injuries with the nyc_boro they are within'

"Count by borough’

SELECT nyc_boro.*, COUNT(injuries)

FROM nyc_boro

JOIN injuries ON ST_Within(injuries.geom, nyc_boro.geom)
GROUP BY nyc_boro.gid

Joining Tables in SQL

3 DE Manager lﬂlﬂlﬂ [ . B
B9 05 very _B_ _ = Query to join bicyclist
Database Schema Table
oS 2 injuries to boroughs,
Tree Info Previ i Query {Amazon AWS) Similar tO What we did
@ Oracle Spatial p— .
Bl 1 P;::G?S P ‘Sﬂ_;—l" | Saved query: ¥ | Name Store Delete Wlth QGIS fOr
El- Amazon AWS -
El- € public SELECT nyc_boro.*, COUNT(injuries) I
- & tiger FROM nyc_boro communlty Boards
Bl €9 tiger_data JOIN injuries ON ST_WITHIN(injuries.geom,nyc_boro.geom)

& topology
& Spatialite/Geopackage
W Virtual Layers

GROUP BY nyc_b:

oro.gid

(] | (]
Execute (F5)  Srows, 0.8 seconds  Create a view Clear
gid | borocode | boroname shape_leng shape_area geom count I *

11 5 Staten Island 330385.0369739... |1623853249.910... |0106000020E61... |9

; 2 4 Queens 861038.4792990... | 3049947236.730... | 0106000020E61... |315

33 3 Brooklyn 726568.9463400... | 1959432236.829... |0106000020E61... |544

: 4 1 Manhattan 358532.9564179... [636442167.4670... |0106000020E61... |375 <
5[5 2 Bronx 464517.8905529... | 1186804144.739... |0106000020E61... |146 E‘

Load as new layer
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.
ST_WIthIn ST_PoinyST_MultiPoint ST_PoinyST :naSlnng
A spatial SQL function . - .
Similar to other SQL conditions (borough = ‘QUEENS’) RET——— R
Were checking whether the geometries of one table are .
within geometries from another S T JAPOST.Fhgon
Spatial SQL functions 7 —
- There are many more you can use . ety e ST\ asewgr egen
Were only covering ST_Within today )
But we will give you resources for finding other spatial SQL ST LinesingST oten
functions ST_Within for different spatial objects
Your turn

Use DB Manager and SQL to do a points in polygon join to count injuries in community districts
(table “nyc_cd”)

Add the results as a layer in QGIS

Style the community districts by the number of injuries

Heatmaps E
—
One way of mapping density when you have many points .
An alternative to choropleth maps if you want to show a little
more nuance o
Heatmaps in QGIS
Use the Heatmap plugin

Create a raster (image) showing the density of the points
Source: http://a841-tfpweb.nyc.gov/bikeshare/

Style the raster ) ,
2011/09/20/station-suggestion-recap/
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tor Database Web Processing Help

¥ Raster Calculator, -
= () Fu - 4
S NI X

r

Input point layer |

Heatmap Plugin E X

injuries_2263 = J

Align Rasters... Output raster |/home/erichesktop/dot/injuries_heatmap.tif ’
- ab ab ab ab -
Projections 3 ‘(_»%\ - :; - :J aRe Output format | GeoTIFF =
— L
Conversion » Radius I1000| ] llayer units :J
Extraction ’ |v/ Add generated file to map
Analysis v v [] Advanced
Miscellaneous » Rows 500 _| Columns | 450 :
GdalTools Settings... Cell size X |281.108 | cellsize [281.108 |
Heatmap » ‘e Heatmap... Kernel shape Quartic (biweight)
Use radius from field < | |layer units
Use weight from field
Decay ratio ‘ 0.0
Output values Raw values
“
'f/, Layer Properties - injuries_heatmap | Style RS ;. A -
style Render type | singleband pseudocolor = ' =4
& I ‘e @
Band |Band1(Gray) | Genssate e
- N
Colorinterpolation | Linear < I | Wsuen :AI Edit | (] Invert ” 'J a
- - - -
IR Histogram BlEEEIE Mode |Continuous 2 Classes [5 | “ # - a
@ vetadata Value Color  Label Moo e el o v a '?" .
0.000000 0.000000 I‘ Classify }I . L] "‘. - .‘i .
0.703037 0.703037 - w— -
1.406075 1.406075 i X oo ] >
2109113 2109113 Estimated cumulative cut of full extent. . L
2.812150 2.812150 “
Load min/max values 3 .1
i - b | - -
o Came (-, [ [no [ , “WIRNY \
O Min/max # . .* . ™
.
~ Mean +/- - i |
O Standard deviation 2% |- o .-‘. 7 B
Extent Accuracy ] AT, r
() Full © Estimate (faster) ¥ vy & 3
O Current O Actual (slower) AQ .
| v
(¥ R
. . v B0 _B gw--
Help Style v D | cncel oK

Style dialogue for heatmaps

Style result without a basemap

Your turn - Putting it all together

You can do this in SQL or QGIS (your choice)
Welll be around to help

Filter DOT 311 requests (dot_311) by borough and by type
Join filtered requests to community districts

- (reate a choropleth of the number complaints in each community district
Create a heatmap of complaints in your borough

- Hint: Be thinking about the problems weve run into with joining layers
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Spatial data formats we didn't cover

JSON and GeoJSON -> used for digital data exchange and online mapping applications
XML and KML -> used by Google Earth and other Google-related mapping products

Geocoding (convert addresses to spatial locations)
- You'll want a (SV with the street address, city, and state in separate columns

Enable the MMQGIS plugin
Resources
Books Websites
QGIS Map Design http://postgis.net/documentation - PostGIS documentation
Learning QGIS 2.0 http://gis.stackexchange.com/ - Online Q&A site for all things GIS

PostGIS in Action

http://docs.qgis.org/2.8/en/docs/ - QGIS documentation
http://www.qgistutorials.com/en/index.html - Great tutorial site
for QGIS

https://anitagraser.com/ - Great blog on QGIS features and news

Richard Dunks, Co-Instructor
richard@datapolitan.com
@rdunks1/@datapolitan

Eric Brelsford, Co-Instructor
ebrelsford@gmail.com
@ebrelsford

Clayton Hunter, TA

Reminders
Know your layer projection
Always test your queries when you filter
Use descriptive filenames
Keep your data organized
Save your work often (especially your project file)
When in doubt, save, close, and restart
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