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1. Introduction to GUI
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Plug Ins:
This one was created by Justin!

Z Plugins | All (648)
Search | indiana

en Data Flugin

Indiana Open Data Plugin

Provides access to approximately 300 vector layers and 30 TB
imagery, LIDAR, Topographic maps, and Elevation data for the
State of Indiana

Provides access to approximately 300 vector layers and 30 TB imagery, LIDAR, and
Elevation data

0 9 rating wvote(s), 1073 downloads

Category: Web

Tags: Indiana, Open, Data, IndianaMap, LDAR, WMS, ISDP
Mare info: homepage bug tracker code repository
Author: Justin P, Peters

Installed version: 0.1 {in C:\UsersyJacoby.ggis2\pythonypluginsiIndianaMap)
Available version: 0.1 {in QGIS Official Plugin Repository)

Upgrade all Uninstall plugin Reinstall plugin

Close Help

Time Manager Plugin (8:05)

To View Session History & Errors
View>>>Panels>>>Log Messages Panel
(just discovered this recently!)



https://www.youtube.com/watch?v=9JucLaZrARI

2. Loading & Exploring A Map

A. Loading Data/Layers

>>> Click Add Vector Layer icon: m

This window should pop up:

f Add vector layer

Source type

® Fil= Directory Database

Encoding  UTF-8

Source

Dataset

Cancel

Protocol

Browse

Heln

=y T

p =

>>>Be sure that Source type File is selected.

>>>Click Browse and select: shapefiles/roads.shp from the “Indy” Dataset.

>>>Click Open.

>>>Do the same for: buildings.shp,
natural.shp,
places.shp, and
Stream.shp.

Tip Stop: you can drag the shapefiles into QGIS!




B. Exploring Layer Attributes

>>>Click Open Attribute Table icon:
T K ——— T =T e JLm——= e T T e — —T = T T
,/ roads : Features total: 13127, filtered: 13127, selected: 0 = >
4 4 = il L T E & D i i | 5= “
osm_id narme | highweary | waterway SEriahay barrier man_made z_order other_tags | fis
1 17430952 Central Court ... |residential 3| "tiger:cfc"=x=... I:
5 17430963 |Crooked Cree... |residential 3| "iger:cfic"=>..,
3 17430980 |Pamaona Circle | residential 3 ';figer:cftc"'=>... |
4 17431047 |Luzzane Lane  |residential k] "tiger:cfcc":>...' —|
5 17431056 :Luzzane Lane |residential 3 “"tiger:cfcc":>... |
6 17431061 ELuzzane Lane | residential ) ”"tiger:cfcc":z.. | i
5 17431237 'momrway_'link 20 I"bridge'i':>""3¢.. | -
2 17431247 |residential 3 | "tiger:cfic"=>... | 4
g 17431250 |service D“"access"=>"p... | i
10 17431276 | rotorway_link 9| "oneway"=="., 4
11 17431287 Iresidential 3 'it'ig'er:ci‘i:c"':k..'
12 17431466 |residential i "tiger:cfcc"=>...' N
13 17431471 residential 3| "tiger.cfic==>... o
1 17431651 Iresidential 3| "iger:cfic"=>... |
15 174316596 [unclassified 3 "'Uneway"'=>""... | i
16 17431741 |Morth \West St | motorway_link 9| "oneway"==", E‘ |
T Show Al Featuresvlu ED I
—— — ———— — T = — — — %!

Bonus: What is another way of getting to the Attribute Table?

Tip Stop: You can make selections from inside the table, add/delete fields, and much more.



C. Identifying Features

>>>Click Open I|dentify Features icon:

Your cursor will change and will have an

.;=:::-
':.¥"\;.
i

attached to the pointer.

>>>|n the Layers Panel, select the layer you want to investigate.

>>>Click on any feature in the selected layer.

|dentify Results
BT E=E5

Feature

= roads
-I name

+- (Dierived)

+- (ACtions)
osrm_id
name
hrighany
waterway
aeriahnay
barrier
marn_made
Z_order
other_tags

Mode | Current layer

Yiew | Tree =

4

Yalle

West 63rd Street

17451213
West 63rd Street
residential

3
"tiger.cfoc'=="A41", "tiger.c...

ALto open form

Help |




D. Feature Selection/Querying

Feature selection in QGIS will be familiar for those who have experienced it in ArcGIS. It works
basically the same way. There are many ways to select data from layers. We will go over a few.

>>>|n the Layers Panel, click on the layer of interest.

>>>From the menu bar, click Select Feature by Area: =¥
>>>Try clicking on individual features in the selected layer.

>>>By holding down the shift or ctrl key, you can select multiple features!
>>>You can also draw a rectangle which selects all of the features within it.

A few more ways to select:

........

>>>Click on the arrow next to the Select Feature by Area button:
>>>Try Select Features by Polygon.

>>>Draw your own polygon and right click to close it.
>>>Explore Select Features by Freehand and Select Features by Radius

Tip Stop: The default selection color is bright yellow. If you wish to
change this, go to:
Project > Project Properties > General > Selection color

Tip Stop: If you wish to pan around the map while in “selection mode,” and
if you’re using a mouse, you can hold down the middle scroll bar and
panaway!

Item of interest: Selection Sets plugin



https://github.com/NathanW2/selection-sets

3. Labeling

For Buildings, what field should we use to label?

A. Using & Changing Labels

# QGIS 2184 - cument_project = a X
Projct Edi View Layer Sefinge Flgne \echr Raster Davbase web  AsquibraE Processing  Folp
m B e = &~ B~ O B o s e @ w6 r @ - po = se " "
] BRL® @ N § hEE I fa-’ P OERIER R e o} m s [l 3.Select "Show labels
5 mE i me ® e DD 0 n [ 2
o0 BB F 4 ] ;‘@ PRALPAPPRPRALAEDNR
Az oes SR RERE ) A = . || o ml&dbabA | |/l
C o i ®mY = Il es - buildings | Labels ? X
B, (= 3 prown ‘ i
; % I (SN == Show labes for tis laye :
VA = .:’;:l:s’ ‘ & 1.Set Map extent to IU 2= ow labisls for this layer [
(] ¥ W e jemtt R = Labelwih [werome o ZiEl T
rivers & |
L ¥ [ city bo. l Text/Buffer samplh
3 .. + Text/Buffer sample
S — [
{‘d ~ 12014] 5~ Zoom to Layer Lomnen e 5
Show in Overview 4. Label with 'name’
e I sl I— —
&~ I Duplicate e To)= =
9 Set Layer Scale Visibility L.
@ | 2.Rightclickl setLayercrs —
15 sheil D 2 BE=E
[ | onlayerand| SetProject CRS from Layer b .
elect Styles | Hormal BE=%
vo|ses | e e &
a | P goen Arioute Tabie Lelkle sl& &
s 7 Fencering =
/ Toagle Editng 2 Size [ 7.5000 =&
L3 . [Forts DR
B o (. e
1 5. Browse | Trensperency (CIF 0w B &
through Typecass | Mo change BK=%
] tabs and =
Kove 1o Top-level Spacng et [0.0000 2=
[ =] make changes 7 -
& Rename \ V X - ward | 0.0000 CoR=S
1 : | =~ \ X >
\P e l - e L l send mods[normal e
T (| | s
g | Apply lsbel text susttutes 6. 'Apply' to view changes.
=

(&= ] xb\fﬁm $iren |

. I i meeees - = — = ~ - T e e
[ ) T ‘ | P ] |
wowse.. | Lorer. | | - w b am R | _l
Updated local data sources. Coordinate 7as: y ani %] Rotaton [00 3 | rencer @ Erscizs oTR) @

>>>Move through the Label editing tabs and explore different ways to change labels.

Tip Stop: Another way to access Layers/Symbology:
Help

. &~
This is how we will edit moving forward. It offers greater visibility and
“Live Updating.”




B. Road Labels

>>>Be sure to have “Live Updates” Checked

10

-
ilibraE  Processing  Help
= Co [E ) (=g @ e a a abe 7 = | = N E]
m'é—@"‘i‘l@_-"p%ﬁﬁ‘ v v B g R T € B B
i)
RBPPQH
Mdhdsupllnary‘SuemeB.l!dnglI I 1 Harloi LY i\r S ———"" Lan, Layer Styling
‘ B.lsqnﬁssd'm [ i 12 .
il %/ roads
l I f \ In\:liana UnEversﬂy Heam Center = \, [
7 VillagélPa =] i BIE
East 1UI:h SIIeE ‘L !_ || I‘ i ‘ W ige’ _I'Iﬂ'v l Shiow labels for this layer ] [
~ i | o N T 4 2l Label with |abe name - l [
v % Hickory Holl Iu: n:nqn Sheet C‘emer |
* >
Egamor QT cbe | =2 [ o [ @ [ O [ [«
1 1
t " pacement 1+ Placement' Tab
f — - - -
TOELLE" ) Parallel '@ Curved | ) Horizontal
r ot 2. 'Curved' Orientation
d
l. Allowed positions |« sbove line | On line Below |
eet Center
Line orientation dependent position
Center
[ L Dlstam:e[D‘ElDUEl I%I{
g IMMIimeter Cl 4
s Repeat [ND repeat '%I 4
)
3
i“‘ [pilimeter 2] 4
Maximum angle between curved characters
inside [25.0 I%I outside [25‘0 I%I q

x‘-‘

19215 UOIUA LIN0S

¥ Data defined

Coordinate ¥ & ¥ @

< vertical ’4_.

alignment  horizontal

Phi pj Beta :Phn ‘
allf

East Atwater Lvenue

_ [East Atwater Avenue |

Rotation E + Preserve data rotation values
i ¥ Priority
Lo il High 45

[4]

nuq ‘apisise3 pnos
anuady asoy ynos
South Ciifton Avenue

1 —

f
E
12
g
a

| Live update d’App\

-9630334,4745296

J% Scale | 1:7,860 v @ Magmﬁerllnn%

[2] rotation [0.0 2 Il render @ EPSG:3857 (OTF) q




11

C. Scale-Based Labeling

. Layer Styling [£5]

[ +/ roads =

g [ @i Show |abels for this layer

Labelwith abe name
ERERE RESRE- NN
Rendering
¥ Label options (-]

|| Scale-based visbility (S

[ Minimum 1

Maimum 10000

R~ o e ) )

[Mlmmumpr '%] =0
[Maximum 10000 e |v] &

Show all labels for this layer (including colliding labels)

Data defined
Show label = | always show (=
Show upside-down labels

(@ never | when rotation defined () always

¥ Feature options

Label every part of multi-part features

Merge connected lines to avoid duplicate labels

Limit number of features to be labeled to

[20m0 E

Suppress labeling of features smaller than
[0.00 mm e
[Ty

1 i - II‘: 4]
el | | + Live update JAppIy
el B ]
inate | -0632109,4744632 |3 y Scale | 1:15,719 v Magnifier | 100% Rotation 2] | Render EPSG:3857 (OTF)
| %) g =] =]
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4.Symbology (aka Styling)

A. Changing Colors

>>> Set it to any color of your choice!

ing  Help
IR A T S
PRaper

Science Building I |‘
— Bt.smssSchqol
OQYB-IiidI'rlJ' l

B 1. select 'buildings' and 'single symbol'

1 Layer Styling \/

| ["}Jbul\dmgs -

‘ [ IE Single symbol

= Fill

Aiwl

. 'Herman B.Wells uhrary’ \
- s
/ \T%
WA

2. Select 'simple fill'

=8| 3]a] ¥

Symbol layer type Simple fill 3]
Fil (| <
outne [ -| <.
Fill style I i =llES
Outline style Solid Line s l (=R

D=t

[

Join style [ Ry Bevel
[
[

Qutline width | 0.260000 L <] '%] [Mllhmeber 3] (=R
0.000000 [2] [mimeter # |
Offsat X,

0.000000 2

Draw effects g

wpnos

w Layer rendering

=
S
v | i ic Lil Willkie g T =]
! ar ‘(m 3, Layer transparency IE mﬂ
RS | i
@wf"m Lall \ ! Layer blending mode MNormal
T I o g e
1 i J_ #, - : ,' _Apa i | Feature blending mode | Marmal
= & = m——
East 3rd Street| | Draw effects r
| g H >
Zm | Control feature rendering ordsr '§$
=
&
 East Atwater Averue | & I . . ¥| Live update
| | B | s [

Coardinate {

-9631399,4745206

| swae(17msn v | Q) msgner[100% |2 Rotstion |Render  @EPsaEes? 0TF) @




B. Draw Effects

In the symbology window for the building layer, check “Draw Effects” and click on the Starl=
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T

Outline style [ Solid Line

IR =t

[ gy Bevel

Join style

R E"

Outline width | 0.260000 &
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v]@ Magnifer [ 100% 3] Rotation (0.0 2] ¥ render @ ePsizesy OTR)
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C. Rule-Based Symbology: Polygon Layer

1. Select 'Rule-based' as symbology type.

| Layer Styling £
" Jl [E-’--‘ buildings = ]
.‘_:;:\] d [ = Rule-based %
j€ Pantry :

Label

™ |

3. Name the rule 'Dorms’

g
=
s 2. Add a rule.
—in
g | [)
‘ ﬁ-}bﬁ‘ = ‘ ‘ l] ‘ ‘ E ‘ Symbol levels...
‘A [Reﬂne selected rules - ]
% = 1 auare ran Aorinn

14



>>>Double-Click on the ‘Dorms’ rule to open editing dialog.

T
!

| Layer Styling
|

@ &

| [ buidlings

3 &[4

Edlit rule

1. Select ... to open expression
builder windgw

Alice Street g

st 8th Street
—1

Echnnllnf At

,/,' Expression string builder

[orms

Bl

Filter |

[ =

Description |

= ( Scale range
"

Maimum (nclusive)

? x

1:1,000 ~ ||
t || Expression Furction Editor
[:] E] @ Search || group Field @
"huilding" = ‘dormitory] pagregates 2. Under 'Fields and values (| Double click to add field name to expression string
Colar e Right-Click on fisld name o apen context menu sampls value Iading options
Corditionals  double-click 'building
Corversians Notes
Date and Time
; ; : Loaring field valuss fram VWFS layers isnt supported, befors the layer is
3. Click equal sign button. F"?'gzmailddva‘“gs actually inserted, ie. when building queries, allw
- WULL
osr_way_id
name imple fll ¢
type
aeroway e
- amenity
T e Valugs |Search =
il ormercial
buildin detached” 5 Double Click 'Dormitory’ &
il ‘darmitory
- geologi | [ arsee RN =
- istoric el e
lrc_ara et )
‘manufacture’ 2 [paiimeter 2 ]
Li‘;’fﬂade ‘mental_health_clinic' 6. Click 'OK' ‘/ o e ¢ &
~natural ‘recidentialt £ L
offics 3
i (4L T D) placs = Load values =
e K2 e, =
~ | Output preview: 0
4. Click "all unique" Live update Apphy
Coordinate | -9630111,4746030 IS8 cake[1:7.060 v L wsonifier (1009 2] Retation (0.0 [2] ¥ render @ epscizesz o1 @

A good example of using rule-based symbology.


https://nathanw.net/2011/06/06/one-of-my-favorite-features-of-qgis/
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D. Preset Symbols

o]
®

Layer Styling

[ (5 landuse

d l = Single symbol
| = ANl

[ ] sirple fill

ol o

LAWY
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IMlIhmeter

KI]

- ][ pen Library
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B

w Layer rendering

e ————
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_/,_ -- v l«u ; "\q Feature blending mode | Mormal s
East 3rd Street o g g Draw effects r
m Alpha IP'" Pi Beta pm 0 ot E A“
- ' . | | H g Cantrol feature rendering order T8
3 1B
> g
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£ X | Live update
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E. Rule-Based Symbology: Line Layer

In this lesson, we will edit the symbology in the roads layer in order to distinguish between
roads and paths.

>>>Proceed as outlined in lesson 4C. Name existing rule ‘Roads.’ Add a rule and name it
‘Paths’’

>>>Change the transparency of the ‘Roads’ rule to 65% (right-click and select “Change
Transparency).

>>>Filter the ‘Paths’ rule with the following expression: "highway" = 'footway’
>>>Under Simple Line, change the color to any shade of red.

>>>Change the Pen style to ‘Dot line’

Check out another way to style layers: Geometry Generator Symbol Layers. (Tapered Rivers)



https://anitagraser.com/2017/04/08/a-guide-to-geometry-generator-symbol-layers/
https://anitagraser.com/2017/04/17/better-river-styles-with-tapered-lines/

17

5. Map Composer

Now we can make a map with QGIS’s Map Composer!
A. Basic Composition

Project > New Print Composer

,f’.' QGIS 2.18.4 - current_project

Fiaime| Edit  Wiew Layer Settings  Plugins  Wector Raster  Datah
= Cirk+n o v 0 o [l
LT & O
Oper... Ctr+0
MNew From Template 4 -fff i 'Qﬁ @ 4
Open Recent »
[ gave Cirhs
[ save as... Cirl+Shift+s
£y Save as Image...
D¥F Export...

DWiiG/DXF Impart...

)

' Project Properties... CtrH-ShiftHP

q MNewy Print Composer Chr+F

—'., Compaser Manager. ..

Print Composers L4
[0 Exit Qals Ciri+Q
?D
a -
] po
(Or Ctrl + P.)

>>>Name the Composer
>>>A new window will open

il
o

>>>Click the Add new map icon
>>>Drag the cursor across the canvas to the extent you want the map to appear.
>>>Under Main properties, click “Set to map canvas extent” to sync composer with map




B. Title & Legend

I_T_é

>>>Add new label

>>>Add new legend

C. Exporting

7 test

Composer

[ Save Project

P

9 Print...

[ quit

oy Mewy Composer..,
L] Duplicats Composer...,
,',: Composer Manager...

Frint Composers

[ Add Iterms from Template...
[ Save as Termplate..,

‘g Enport as PCF..
1 Export az S¥G..

FPage Setup...

=
=0

Settings

B bk Uy

F

Inspiration! Gallery of QGIS Cartography


https://www.flickr.com/groups/qgis/pool/
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6. Classification & Joins

For this section, we will move to a different dataset - IndianaMap County Census Data.

A. Ratio Classification

We will look at population density in Indiana counties.

>>>New Project

>>>|mport shapefile from IN Census Data folder

Change Layer Styling:

Under Layer Styling,
select "Graduated"

- [
T
clﬁl oo 5 O
Layer Styling [E5]
= o]
[ !c
u‘ Ma symbols
Q{ | 2 | single symbol

Cateqarized

Graduated

= Rule-based

B inverted polygons

—_— N & 250
o | LAY

I Unit | Millimeter =
Transparency 0% <
Colar [ bl

00

& The layer is going to “disappear”! But don'’t be frightened, as | was the first time. It will be

invisible until we classify it. See below!




Set desired parameters and click “Classify”:

Layer Styling = =]
| £ Census_County_TIGEROD_IN -
{{’ \ = Graduated e

Calurnn | | "POPZ00D" / "aREA" v ] @

Syrbol | l:lchange... l
| 2 - 3
N Legend Farmat | %1 - %2 | | Precision 6 i_'_ll Trim
Method | calor + |
Color rarrlp Wl source] 3 | Edit Trvert
I
Classes | Histogram I
Symbal 4 Walues Legend
0.00000888 - 0.00003522  0.000009 - 0.000035
0.00003522 - 0,00006969  0.000035 - 0,000070

0.00015089 - 0,.00029901 0.000151 - 0.000299
0.00029901 - 0.00082513 0.000299 - 0.000525

4
L
v 0.00006969 - 0,0001503%9  0.000070 - 0,000151
L
Ll

sl

rgde !NatJraIBreaks (Jenks) = | Clagses iLS 're_]
Classify | l{}-‘p = [ Delete all l | Advanced ']
+ Link class boundaries
1 I

Tip Stop: You can also do rule-based, like we did in the Symbology section.

B. Join Tabular Data to Shapefile

| found a great scraped dataset of 2016 Presidential voting data by county:

votes_dem votes_gop total_votes per_dem per_gop diff per_point_diff state_abbr county name combined_fips
93003.0 130413.0  246588.0 037715947248 0.528870018006 37410 15.17% AK Alaska 2013
93003.0 130413.0 246588.0 0.37715947248 0.528870018006 37410 15.17% AK Alaska 2016

| am interested in visualizing the “per_point_diff” field. This will show us which counties were
more split in the election than others. | grabbed all of Indiana’s 92 counties.

***The problem is that when a csv is imported into QGIS, each field is assumed to have a
“string” data type. We need to create a sidecar (‘buddy’) file to accompany the csv. This file will
specify the data type of each field. To simplify things, | just kept three fields: county, fips, and
per_point_diff.



https://github.com/tonmcg/County_Level_Election_Results_12-16

This is what the buddy file looks like:
cHHBERE £ Wk xx[BEE

@ 2016_election_results_indiana.cevt B4 ‘

>>>From the Layers Panel on the left, select Add Delimited Text Layer

>>>Specify parameters like so:

21

,f Create a Layer from a Delimited Text File

X

File Mame |:Jsers/lacob/Onelrive,/ 1GIC Workshop/indy_ggis_igic2017 Join Data/2016_election_results_indiana.csy I Browese...

Layer name | 2016_election_results_indiana Encoding |UTF-8

-
-

Record options Mumber of header lines to discard | o ':—1 " First record has field names

File forrmat @ CSY (comma separated values) Custorn delimiters Reqular expression delimiter

1
|

fips  per_point_diff
18001 0.52

2 |Allen County 18003 0.2

Field options Trim fields Discard empty fields Decimal separator is coms
Geometry definition Point coordinates Wl knowen text (AKT) @ Mo geometry (atiribute only table)
Layer settings LUse spatial index Use subset index Wiztch file

[+]

[4]

CK Cancel g ';)Help
P || Xowee [ 52

[V T O s S PN g

>>>| et’s check the layer's data types. Layer Properties>Fields.
>>>Try to drag the csv in and look at the data types. They’re all strings!

>>>Now Look at the csv’s Attribute Table.
>>>Will the “county” field be the easiest to join? If not, which one would be better?




>>>Go to the census data’s Layer Properties and to the Joins section.

Fn: . EN (EW ez @ ; e

@ S BE o o
| / Layer Properties - Census_County TIGEROO_IN | Joins

-~

Jain layer Join field Target field Memory cache  Prefix Joined fields

/. Addvector join ? X

Jain layer 2 . SpECIfy JOl n [ [ 2016_election_results_indiana % ]

wnfed  gnd target  [scfes :]
Targetfield | ayer. | abe STFID =

' Cache join layer in virtual mermaory

Create attribute index on join field

IER piagrams

» Choose which fields are joined

- (optional parameters)
q Metadata » Custom field narme prefix

3. Click ok!
l JOK H XCanceI

1. Click '+' sign to add a join

Style l 0OK H XCanceI

e T = hatf B

l prply H ::Help l

Now apply graduated symbology technique for the “per_point_diff” field! The lighter the
county, the more even the political field.
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7. Creating Vector Data

Let’'s see how easy it is to create our own shapefiles!

>>>New Project
>>>Create a Shapefile:

Z Qels2.184

Project Edit Vi

hE8

Database

Settings Elug\ns

Wector  Raster weh  Aequilibrae

Processing

Help

e efile L Cir+Shift+n

doc

& =2 B
EX

1. Create New Layer

—— (]
= Add Layer A7 Mew SpatiaLite Layer.., = =
g ¥ ) "
= > e Embed Layers and Groups. . @ New GacPackage Layer... Pa> l\_d ‘E [ ]
Layers Panel et e B @ Mew Termporary Scratch Layer...
m o, Copy style '.!'—_-_ Create new GPX layer
' Paste style
(#]
f Open Attribute Table F& /' New Shapefile Layer ? x
a Toggle Editing
. Type 1
'0 - | Save Layer Edits
¥ curent Edits » _ Paint (I Line ® Palygon
@R - |
SAEas, File encoding [System H ]
% Save As Layer Definition File...
- [ Remove Layer/Group i IEeIected CRS (EPSG:2793, MADBI(HARN) / Indiana \iest) = I%
GQ e L] Duplicate Layer(s) —New field
, Set Scale Yisibility of Layeriz) f
(+] Marne
Set CRS of Layer(s) Cirl+shift+C :
M} Set Project CRS from Layer Type | Textdata B
5 ties... . % =
v" s HhEeaes Length |80 | Precision
L] Filter... Chr+F } :
- Add o fields list
E;I Labeling
%]
oo
q: o Add to Overview _ Fialds list
72 Add All to Overview
E 2 Rermave &l frorm Overview Mame __T}fpe I._?ngih Precision
it fremer 7
‘ @ Show All Layers Ciri+Shift+U
—F Hide Al Layers Ctri+Shift+H
ﬁg: = Show Selected Layers
- Hide Selected Layers Gl )
E:' ﬁ% Remave field
°@ l JOK ] xCance\ ::Help ]

>>>Name the file whatever you want and save it in the “Vector Creation” folder.
>>>Qpen the attribute table. Oh, nothing there!

>>>|mport the IN2014_31001430_06.tif file into QGIS from the Vector Creation>Bloomington
Aerial folder. This is a small section of Bloomington. File courtesy of Indiana Spatial Data Portal.



http://gis.iu.edu/
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Let’s trace some buildings!

>>>Click on the Toggle Editing button L=__[to enable the feature editing tool.
—
|
>>>Trace a building using the add feature icon . Right click when you want to finish the
polygon.

>>>Fill in the fields as you desire!

>>>Repeat the process for one or two more buildings.

>>>Now use the move feature(s) icon @ to reposition your polygons.

AT

>>>|f you want to a more fine-tuned edit of your polygon select the Node tool [* %/, Select a

node and move it around as you wish.

>>>Click m to save your layer edits.

e
>>>You can also copy, paste and cut features! <

Neat Sidenote
Add OSM roads layer. What's up with Vernal Pike?! Tiff is from 2014! OSM is quick!
(Vernal Pike on Google Maps!)



https://www.google.com/maps/place/Bloomington,+IN/@39.177652,-86.5609224,653m/data=!3m1!1e3!4m5!3m4!1s0x886c5df6b483d8e7:0xe91a912d8bad33d9!8m2!3d39.165325!4d-86.5263857

25

8. Feature Topology

This section will go over basic topology editing in QGIS. The software has many advanced
features in this area and deserves much more exploration.

A. Snhapping

Sometimes we may want to Edit topological features already created. The first step in properly
doing so is enabling feature Snapping.

First, add in all of the OSM layers from eatrlier.

Enable Snapping:

Be sure you have the Digitizing Toolbar visible.
If not, go to View>>>Toolbar and Select Digitizing Toolbar.

# QGIS 2184 - current_project
Fropct  Edit  View  Layer iu;hs Vector Raster Datshase  Web  dequilbrsE  Processing  Help
BBl ® Custom CRS... | G-LEREY S - P o s e A y 7 B = -~ SR PG
@ Style Manager... | # Sna % ?
” al pping options X .
L i J r\; D E %, Configure Shortouts. .. =] {,"J ":" >
Advanced Digtizng Pane ™, Customzation... [ e T =1 3. Enable features like shown.
@ CAD tools are not enablEx o
map to 4 #  Layer Maode Tolerance Units. Avoid intersechons
'{} Open '5na pping buldngs |10 vertex and segment % | 0.00000 H rmap units ¥
{% Layers Panel = O tiOI'IS‘ city bourdary | 10 vertes and segment % | 0.0000m :‘ map units ¥ S
« i & T 53 & » P '  landuse 'tn vertex ard segment * | 5.00000 : units 5 |« g
‘ ] wax = l
e [5 «n ;om Fivers |10 verte ad sagment # | 0.00000 lmeounits 4 z
t .
@~ e i v rosds 10 vertex ad segment $ | 5.00000 Hmanunis ¢ §
|~ Roads r =
@ by water [t vertex and segment 3 | 0.00000 [Timep units ¥
e ' — rivers e
- +| ] city boundary | Ensble trpabogical editing Enable snappirg on iersecton 'OK x Cancel | Jﬂwly |
Vg buildings
,c: ..................
"2}
3 - 1. Select 'landuse’
€
= layer g {
< F |
- El |
o &
2 | |
= 2
ik }
i y
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Enable editing on landuse layer and click on the Node Tool, like so:

=
G £3

> 2 B

J

Bnuany BuRIpuy LJoN

Now you can edit the polygons by moving the nodes. They will shap more easily to other
features. Double-click anywhere on the polygon border to create additional nodes.
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B. Advanced Digitizing Toolbar

Right-click in
Rotate Feature:

toolbar area. Under Toolbars select ‘Advanced Digitizing Toolbar’

p@\'oﬂa%%-%";&-@_ﬂ'aﬁ wxE <3 HE
aﬁ[ﬂﬂzé%‘)‘a@ﬁ‘ggﬁaﬂp@%%@%@,
Y /___
5 L IU'Auditorium 1
== L__'__"'" Neal Marshall Center. !
| S
N g\ F
[ & E |
y Mlamma@%\ ‘F—*
.
sfw%;
u B
Musical ‘ ‘
% I
\_. - 3 7;
t _ ; A i A

Simplify Feature:

ﬁﬂﬂp@&}}a.@

“'“@

PR EE R R RIS Y RN

Noaa%.%ﬁ%“%?@%%@“ﬁ'

East 7th Street

Ity Art Museum
; i 1 Cinema
U Auditorium Theatre and Drama|

all Black Cultural Center_.

I Ma

huany Uep.of LAneS

1

Notice how the # of nodes decreases as the tolerance goes up. This is a very neat feature!



C. Add Part

Use the Add Part button () to add to an existing polygon.

Tip Stop: Remember, a right click closes the polygon.

D. Split & Merge Features

>>>Be sure snapping is enabled for the landuse layer.

>>>Click Split Features - LZ_| - and cut a polygon by selecting two nodes across from one
another. You will now see two distinct polygon where there was only one before.

%:) .

>>>Now select both features and then click Merge Selected Features -
>>>Click OK.

28
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9. Vector Data Formats & Analysis

All the previous sections have been useful and necessary, but now it’s time to actually start
answering questions. In this section, we will upload Indiana data layers (from IndianaMap)
and perform some vector analysis. Along the way, we will explore a few more vector data
formats.

A. Add a Geodatabase File + Query Builder

Import the ‘Vector Analysis/Street
Centerlines/County_Street_Centerlines_IDHS_Dec2015.gdb’ folder.

1. Source Type = 'Directory' & Addvector layer
Source type
ile| (@ Directory Database Protocol
Encoding lSystem s ]
Source .
2. Browse for files
Type  |UK. NTF2 2
Dataget | Browse | /
[ 5] |
l L. Open l [ XCanceI | !___@_Q,H'?'p |
Z Open Directory 3. Locate files in project directory: b4
&« v < indy_qgis_igic2017 > Vector Analysis > Street Centerlines v O | Search Street Centerlines »r
Organize = Mew folder Sl 4
IGIC Workshop ™ MName Date modified Type Size
tiesting County_Street Centerlines IDHS_ Dec201..  4/14/2017 11:04 A File folder
Job Search
Master BookMAF
Music
Notes
Pictures i
Falder: | County_Street_Centerlings_IDHS_Dec2D15.g9db
4. click 'Select Folder' E Select Folder I Cancel



http://maps.indiana.edu/LayerGallery.html
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Go to the layer’s Attribute Table to determine which field will help us extract the Monroe
County streets:

7/ County Street Centerlines IDHS_Dec2015 County Street_Centerlines .. - O b4
R | & s T E @ § 2 B
ADDMIN_L ADDMIN_R DESCRIPT ORIGIN ¥ ZIPLEFT ZIPRIGHT [<]
394955 | 100 199 Roads Monroe County 47408 47408 BL
294050 4649 4000 Roads Monroe County | 47408 47408 BL
S on 159292 1414 Roads Maorroe County 47404 47404 BLl
04051 Roads Monroe County 47405 47403 BL
394062 Roads Monroe County 47405 47405 Bl
g |58 &00 Roads Maorroe County 47405 47405 BL
304054 Roads Monroe County 47405 47403 E-L:
294955 159 Foads Monroe County 47404 47404 BL
04066 2499 2400 Roads Monroe County | 47403 47408 BL
294057 |139 100 Roads Maorroe County 47408 47408 E.Lz E
3040655 Roads Maorros County 47405 47405 BL |
3094050 192 101 Roads Monroe County 47403 47405 Bl
29407 |199 100 Roads Monroe County 47404 47404 Bl
204071 |19° 100 Roads Monroe County 47403 47408 BL
294072 199 100 Roads Monroe County 47408 47408 E.L:
s 255 L0 Roads Monrae Cognty | 47408 47408 p,}| -
' ? Show All Features E_'_




We will use the ‘Origin’ field.
Go to Layer Properties>>>General

= = = == = =

¥ Layer info

| /' Query Builder

Set provider filter on County_Street_Centerlines_IDHS_Dec2015 County_Sireet_Centerlines_IDHS_IN_Dec2015 MultiLineString

—Fields

v Scale

Minimum (exchsive)

1:100,000,000

&

¥ Provider feature filter

Layer name  rlines_IDHS_IN_Dec2015 MultLineString displayed a5 rlines_IDHS_IN_D) ADDMAX_R. Marion Caunty
— LOADDATE Marshall County
Layer source | ggis_igic2017\vector Analysis\Street Centerlines\County_Street_Centerlin | | ApomIN_L Martin County
|| | ADDMIN_R Miami Caunty
Data source encoding | UTF-2 % DESCRIPT Marrae County
ORIGIN Morbgamery County
ZIFLEFT Morgan County
¥ Coordinate reference system ZIPRIGHT Hewton County
MUNIRIGHT
Selected CRS (EPSGI26016, NADES / UTH zone 16K) STATELEFT Sammple ‘ [ all
MUNILEFT
Create spatial Index | [ Update exterts STATERIGHT Usa unfiltered layer
¥ Operators
visibility
[ [ =< [ > [ we [ 0w |[ w [ worw |
Maximum (inclusive)
= f' Query Result X

| I

Provider specific filter expression

B

The where clause returned 6948 row(s).

o

[ForiGI" = Monroe County' |

2. Type the following
or select from above

(I [

1. Select 'Query Builder'

\

l Pox H & cancel

I o soply H S Sreip

1 AN [ SA NN AR 0

,
l > L
=
:

H 1A

You should now just have Monroe county streets. Now we will save this as a shapefile.
>>>Right click on the layer and select ‘Save As’

NOTE: set CRS to EPSG 102674

d fEI a5, 7 . = .
& Save vector layer as... X
¥ savelayeras. 2. Navigate to "Created Layers" folder X
™ i
Format |[E5R1 Shapefile > ] G v o « Vector Anal.. > Created Layers v || | Search Created Layers P
File name 1. Click 'Browse' Browse
J J Organize New folder .
Layer name | I 7 ¥
& OreDrive Name Date modified Type
CRS [Sa\acted CRS (EPSG:26916, MADB3 / UTH zone 16M)
Atom Work No items match your search, N
Bash work i
Encoding System H
Documents |
Save only selectad faatures
3 ; Fall 2018 N
P _Select fields to export and their export options —————— 1
FORBOX
" add saved file to map 1
1GIC Workshop I
Symbology expaort [ND symbology H ] H
- Investing 5 i 7
Scale [1:50000 = 3. Save shapefile as "monroe_roads
Job Search
¥ Geometry
Master BookMAF ¥ < >
Geometry type [Aummat\c S l [
File nafhe: -
Force rmult-type
Save as type: ESRI Shapefile [OGR] (*.shp *SHP) ~
Include 2-dirmension
3 Extent (current: layer)
~ Hide Folders Cancel
¥ Layer Options
e — =)
Layer blending
@OK
Feature blending
B =L AE S O B Ay |
5 1 [y ey

Delete the County_Street_Centerlines layer

, leaving only our new monroe_roads layer.



B. Add a Geojson layer

>>>From this link, click Map Service under the “Schools” layer.
>>>Under Layers, select “Schools (MHMP)”

>>> ook at the Fields in order to decide how to query the layer.
>>>Under Supported Operations (bottom the the page), select “Query”

To get a peek at the data, perform a general query to receive all records in the layer:

32

Query: Schools (MHMP) (ID: 0)

Where: 1.Setgeneral "WHERE" clause {=1

Text:
Object IDs:

Time:

Input Geometry:

Geometry Type: Envelope v

Input Spatial Reference:

Spatial Relationship: Intersects v
Relation:
- 2. Receive all attributes
Qut Fields:
Return Geometry: * True False
l, 3. Be sure 'JSON' is selected below under "Format" l
Return True Curves: Triie e False

>>>Be sure ‘JSON’ is selected as the Format
>>>Click Query (Get) on the bottom for the results.



http://maps.indiana.edu/layerGallery.html?category=CriticalFacilities
http://maps.indiana.edu/arcgis/rest/services/Infrastructure/Critical_Facilities_MHMP_Schools/MapServer/0
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Scroll down to the first records/feature to see what information is provided:

"features": [

"attributes": {

"SchoolIld": "IN©61177",

"EfClass": "EFS1",

"Name": "Theodore Potter School 74",
"Address": "1691 E 1eth St",

"City": "Indianapolis",

"Zipcode": "46201-19@1",

"Contact": "Indianapolis Public Schools",
"PhoneNumbe": "(317) 226-4274",
"YearBuilt": @,

"NumStories": @,

"Cost": 515,

"NumStudent": @,

"District": "5385",

"Comment": "5574",

"OBJECTID_1": 1,

T
"geometry": {
"x": 574385.14300000016,
"y'": 4483839.3834000006
}
1

"GlobalID": "{24068EE6-39D7-4B26-918E-1660CF8229CC}H"

City seems to be the attribute we want to isolate in our query.

We will type city=‘Bloomington’ and keep everything else the same:

Query: Schools (MHMP) (ID: 0)

Where:
Text: [
Object IDs:

Time:

'city='BI00mington'

>>>Click Query (Get) on the bottom for the results.
>>>Under Add Vector Layer, this time we will choose Protocol, rather than File or Directory.

f Add vector layer

Source type

File Directory

Database

?

@ Protocol

>

Encoding | System

Protocol

1k

T¥P2 | Geolson

e
-

LIRI [htq:u:,‘fmapb.indiana.edufarcgis;‘rest/ser\ricesﬂnﬁ'astrucUJrefCritiu:aI_Fe

& Cpen x Cancel

P
%

Help

FINALLY: Save the query as a shapefile with the consistent projected coordinate system:

EPSG 102674




C. On Your Own
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Import fire stations shapefile and use the query builder to isolate monroe county fire stations.
Save as shapefile with EPSG 102674 projection.

Tip Stop: For the Fire Stations & Schools layers, use “SVG Marker” instead
of “Simple Marker.” This can be done in symbology editor. Choose symbols
that best represent the entities.

D. Distance Buffer

Let’'s answer the question: What schools are not within one mile of a fire station?

Here we will use the Fixed distance buffer tool.

fings

Plugins

Coordinate Capture
Dxf2Shp
E Geoprocessing Tools
GPS
Group Stats
LRS
Multi Ring Buffer
OpenStreetvap
Propartional circles
Road Graph
Spatial Query
Topology Chedker
= Quick OSM

Research Toaols

Geometry Toolks
Analysis Tools
Data Managerment Tools

»
|

Raster VDatabase g\eb AequilbraE  Processing  Help

Eli"’l'c, =] -

@ §3 I

N

»
»
3
»
»
»
»
3
»
»
»
»
»
3
»
»
»

I Difference

= Intersection

2 Symmetrical difference
# variable distance buffer
2 Union

P Dissalve

' Clip

Q Eliminate sliver polygons
@ corwex hull [

= @

SPP RS
T.
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/. Fixed distance buffer ? X
Parameters | Log | Run as baith process.. || Ejvad] distance buffer
Input layer This algorithrm computes a buffer area for

2 all the features in an input layer, using a
[monrue_ﬂre_statiuns [EPSG:102674] - ] fixed distance.
Distance
| s2a0|000000 I%]E]
Segments

E =

Dissolve result

Buiffer

! [Create termporary layer] E]

+ Open output file after running algorithm

I 0%

l oRun l xcluse

=T T ] 7 T — AT T TIT St ; T 8 o =1

Now we can use the select by location tool to isolate which schools are not within 1 mile of a fire
station. Go to Vector > Research Tools > Select by location

7 Select by lacation ? X
Parametars Log Run as batch process... Seal by | =
_ elect by location
Layer to select from ||| | This algorithm creates a selection in a
5 - vector layer, The criteria for selecting
[monroe_schools [EPSG:102674] = ]E] features is based on the spatial
relationship between each feature and the
Additional layer (intersection layer) features in an additional layer.

[Buﬂ’er [EPSG:102674] s IE]E|

Geometric predicate

intersects touches

containg overlaps
| disjoint within

equals Crosses
Frecision

| 0.000000 [= E] I

Modify current selection by

[«]

I 0%

[ ORun H A Closs l




Click on Open Attribute Table icon and select “Show Selected Features”

' \ == HIl %] s
N\ manroe_schools @ Features total: 32, filtered: 32, selected: 11 bl O =
1/ B BR B oS E R YESDP 8B
ﬂ{ Schoolld EfClass Name Address
&
‘ 5 IN794240 Lakeview Ele... 9090 S Strain... Bloomington 47401-8413 Manroe|
I, mraazsa (EFS1 |Grandview Ele.., 2300 S Enchwr... Bloomington 474039222 Morroe
5 ; ... Bloomington 47401-6529
L
\
- & r Pi... |Bloorington \
| M
b"lg M794254 EFS1 Tri-Morth Mid... 1000 W 15th St Bloomington 47404-0570 Manroe| N
g IN794235 EFS1 \Lora L Batchel... 900 Gordan Pike 'B\Dnmingmm 47403-7298 Tlanroe| ‘\’
\
| 1p 794256 EFS1 Binford Eleme... 2300 E Secon... Bloomington 47401-5312 Maonroe| \-7r‘.
|| 15 M794259 Clear Creek El... 300 Clear Cre... Bloomington 47403-7404 Manroe|
14 794260 EFS1 \Falrview Elem,.. 627 W 8th St 'B\Dnmingmm 47404-2710 Tlanroe| |

TN79426 Elemen

1755 F Fethel Blnnminatin. 4 i I
3

T Show Features visible On Map
T _show Edited and New Features
Field Filter »

T advanced Filter (Expression)
T T P




E. Shortest Path
>>>|nstall the “Road Graph” plugin.

37

/ QGIS 2,184 - current_project
Project Edit “iew Layer GSettings Plugine Wector Raster Datsbase \ueb  AequilbraE  Processing  Help

Time | 0.35045h

Caloulate | | Ewport | Clear | @

@
oﬂg,He\p

Coordinate

= 3 : — = 2 b -
TEEBGR G H e REEIS O QS
3 , P i A P 0 & BT DD Q 3
o BEPE & 4 M epe OHDD QS Y &t
vo Layers Panel @& T
@ e 4 ® T &~ O
J +| ¥ monroe_fire_stations
a v © monroe_schools
/’J od monroe roads 1302
]
Q¢ ~
(+]
)
“'38'
{ 7 ]
Y
%o
"4
Voo
i e}
© OO
} Layers Panel | Browser Panel :
5]
—:!:— Shortest path @
Start
‘B (3059967.606096, 1446061.437067) +
F owmp
~ o L) ¥
\ (3118374.515517, 1425658.798420) ’+
7 i Q.
%@‘ Criterion | Length - ©
] B3 o
Length | 12, 2658km ) & i

@

3097167,1422152

% Scal
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F. Spatial Statistics Tools

oo ddo o do o dd oo doodd

Delete all layers

New Project

Set project CRS: 102674

Add roads layer

Add Indy tiff

Create convex hull around roads (Vector>>>Geoprocessing Tools)
Edit polygon to fit in tiff (as done above)

‘Random points in layers bounds”

Install “Point Sampling tool” Plugin

Plugins>>>Analyses>>>Point Sampling tool

Vector>>>Analysis Tools>>>Basic Statistics for numeric fields
Digitize 3 points to create new layer

Vector>>>Analysis Tools>>>Distance Matrix

(Summary distance matrix, 1 nearest k target point)
Vector>>>Analysis Tools>>>Nearest Neighbor Analysis
Vector>>>Analysis Tools>>>Mean coordinates

To compare point with polygon centroid: Vector>>>Geometry Tools>>>Polygon Centroid
Go to tiff layer properties>>>Histogram>>>Compute Histogram(if not already there)
You can save the histogram in a # of formats

See more statistics in Metadata

Much more analysis available in Processing>>>Toolbox!!!
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10. Raster Data Demo

In this section, | rely heavily on_tutorials at this site.

A. Vectorizing Land Cover Data with Processing Modeler

O MODIS Land Cover 2001 to 2012 - Identify Change in Grasslands (ND = 10)

O Import both years (Land Cover 2001 to 2012 folder)
[ Create a model: Input > Majority Filter > Polygonize > Extract by attribute > Output

— ] X

/. Processing modeler

= Parameters vectorize
4 Boolean
< Extent

% File o a2
¢ Number IR &

raster

]

4 Raster |ayer s 1n
4k String -
4r Table & majority filter 6/’
4 Table field _— [

4r Table multiple field
¢ Wector layer

4 Point

*1n

Polygonize (raster to _gv
Qut 2
% Class &

*In

# Extract by attribute ‘)\‘
Qut e

“¥ vectorized_class

nputs | Algorithms | @ 0]

d Save the model
d Under Processing Toolbox, go to “Models” and select the model you want to run

[ Select parameters (Input and Class Value)


http://www.qgistutorials.com/en/index.html
http://www.landcover.org/data/lc/

B. Terrain Data Work + Google Earth!

>>>|mport city boundary layer (from “OSM Bloomington” folder)

>>>|mport indy.tif from “Indy DEM” folder
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>>>Raster>Extraction>Clipper (name output btowm_clip; clipping mode = mask layer; mask

layer = city boundary)
>>>Delete indy.tif from project
>>>Raster>Extraction>Contour:

/' Contour

Tnput file (raster)
Output file for contour lines frector)

Interval between contour lines

| Aftribute name

" Load into canvas when finished

If not provided, no elevation atiribute is attached.

gdal_cantour -a ELEY -i 10.0 "C: Asers,lacob/Onelr ive/AGIC '4.’ ‘
WWhrkshop/indy_ggis_igic2017 Indy DEM/clip. tif" —_

? X

[ clip v,[ Select.. |

—_—
| select... ] I

(10000 IS

[ ELEY| ]

I &OK ]l XC\DSE ‘I ‘;iHelp ‘.

>>>Qpen contour’s Attribute Table (each line has an elevation)

>>>Select highest elevation (280m = 918 ft!)

i
*

>>>7oom to selection

>>>Raster>Analysis>DEM (mode= “hillshade”)

>>>Save contour layer as KML

>>>Double-click on it and view it in Google Earth!
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11. BONUS

A. Adding a WMS (Web Map Service) Layer

>>>Follow this link to the Indiana Map website.
>>>Under Hospitals, click on Map Service
>>>At the top of the page, click on WMS
>>>Copy the URL

In QGIS, Click on the Add WMS/WMTS Layer icon (@ ) from the Manage Layers Toolbar
& ad ffl yer(s) a Wt ‘ 7 ; - | \ 7 Create a new WS connection ?I x
2. Fill in 'Name' and paste 'URL'

7 T Connection details -
Layers | Laer Order | Tilesets | Server Search |

[ Marme monroe_hospitals

URL lspita\S/MapSBrvBr/WMESErver?requBst:GetCapahilities&serv[E:\NMS l
Connect ‘ Mew ] Edit Delete Load | Save

Authentication ‘ Configurations |

(o) Harhe Title Abstract
If the service requires basic authentication, enter & user name and optional
password

User name

1. Click 'New'

Password

Image encodin: i
e d Referer

N A NDN

DPI-Mode | all 3|

Options Wersion
Ignore Getiap/GetTile URI reported in capabilities

Tile size

Ignore GetFeaturelnfo URI reported in capabilities
Feature limit for GetFeatureinfo 10

Ignore axis orientation (WMS 1.3AWMTS)
WIGS 84 Cl

Invert axis orientation

Use contextual WS Legend Smooth pixmap transform

=

il Layer name 3. Click 'OK'* l JOK ] | xcance\ ! ‘ :iHe\p l

Add |_x Close I ‘ g < Help ‘ L l—:ﬁ_ | [ _/_] |
- LA @%W _P_CE. A‘j



http://maps.indiana.edu/layerGallery.html?category=CriticalFacilities

Connect to layer:
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1) | [ ——2——1 A1 \

& ad

Layers | Layer Order | Tilesets | Server Search |

Cormect | | omew | Edit Dekte | load | sme

‘ D Narfie Title Abstract

1. Click 'New'

Image encoding

Options
Tile size

Feature limit for GetFeaturelnfo 10

Uge cortextual Wivs Legend
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Ignore GetMap/GetTile URI reported in capabilities

Ignore GetFesturelnfo URI reported in capabilities

Ignore axis orientation (AWMS 1,3/MTS)

Invert axis orientation

Stnooth pixmap transform

3. Click 'OK'
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B. OpenStreetMap
C. Actions
D. Python Console

E. More Plugins + Other Things

Cloud, geocoding, biological records tool, semi-automatic classification plug-in, gchainage

(linear referencin), Topology Checker Plugin_-it could be better

Virtual Layers

More to come! This is a working document, so more content will be added periodically.
Check back in a couple of months!

If you have any questions regarding QGIS (or any other Open Source GIS topic) please to do

hesitate to contact Jacob Mark, the author of this document, at jacobaamark@amail.com.
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https://www.youtube.com/playlist?list=PLdau3EIomlisHmuJAmjSJ0mNHBIaw6Ep9
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