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INTRODUCTION

It has often been shown that the information obtained from aerial LIDAR® surveys generates
significant economic benefits for the forest industry and for several other Québec government
activity sectors (Lebceuf et al., 20157). Nevertheless, the use of raw LiDAR data remains complex
and requires extensive experience and advanced computing tools. To facilitate the use of this data
and optimize the benefits of LIDAR data use, the ministére des Foréts, de la Faune et des Parcs
(MFFP) has therefore generated and made available a range of user-friendly products derived
from LiDAR data.

The purpose of this document is therefore to:

i) present the basic products derived from LiDAR data that are available as open source
data;

ii) explain the basic tools that facilitate their use in ArcGIS;

iii) explain the basic tools that facilitate their use in QGIS;

iv) present the tools that can be used to develop new derived products (e.g. generate

contour lines, convert rasters to polygons, fill lakes, delimit drainage basins (watersheds),
reclassify rasters, generate a focal CHM, generate a topographic wetness index, etc.).

5 LiDAR: Light Detection and Ranging.
7 Available online:
http://www.mffp.gouv.qc.ca/publications/forets/connaissances/Analyse retombees LiDAR-Finale.pdf.
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1 LIDAR DERIVED PRODUCTS

The four basic products derived from LiDAR data are the: 1) Digital Terrain Model (DTM),
2) Hillshade (Shaded Relief), 3) Canopy Height Model and 4) Slope Model. These products are in
raster format and can easily be viewed in most basic GIS software packages, including ArcGIS and
QGlIS.

The following is a list of technical characteristics common to the four products presented in this

document:
Geodetic reference datum GRS 80 Ellipsoid
Geodetic reference system NAD 83 SCRS
Projection Modified Transverse Mercator (MTM)
Production method Processed using Lastools, R, Gdal and ArcGIS
Data-viewing software ArcGlIS, QGIS, Maplnfo, etc.

1.1 DIGITAL TERRAIN MODEL (DTM)

This raster file provides real numerical values representing

altitudes in metres relative to the mean sea level. The raster file’s
pixel elevation values correspond to the linear interpolation of the
network of irregular triangles created from the ground points. The
spatial resolution of this raster is 1 metre.

The DTM is a basic product derived from LiDAR. It serves primarily
to create the Hillshade and Slopes. It is also used for hydrological
models, road construction, flood risk management, visual
landscape analyses, and so on.

1.2 HILLSHADE (SHADED RELIEF)

This raster file simulates the three-dimensional appearance of a

relief map. It therefore does not contain altitude values. Shadow
and light are shades of grey associated with integers from 0 to 255
(from black to white). The spatial resolution of this raster is
2 metres.

A hillshade presents a very detailed image of the terrain and can A

be used for the identification and interpretation of surficial
deposits, drainage, wetlands, etc.
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1.3 CanopPY HEIGHT MoDEL (CHM)

This raster file provides numerical values representing forest
canopy heights or the heights of other raised elements (e.g.
buildings). It corresponds to the difference between the digital
surface model and the digital terrain model. The
“MHC_nofeuillet.lyr” file represents a symbology (range of colours)

for height in metres. The spatial resolution of this raster is 1 metre.

Lk

The CHM can be used to measure height, density and stand structure, and to construct statistical
relationships in order to map volumes, basal areas, etc.

It should be noted that different elements must be taken into account before using the CHM to
evaluate the height of trees or vegetation:

1. Tree heights are generally slightly underestimated by LiDAR. The disparity is greater in
coniferous forests than in deciduous forests. It is also greater when the point density is
lower. For example, a study done in the “reserve faunique des Laurentides” showed an
underestimation of -0.98 metres based on 431 tree measurements and a LiDAR datum
with a density of 7.1 points/m? (Sadeghi et al., 2016). On the other hand, given that
several factors have to be taken into account (forest type, point density, forest cover,
etc.), it is strongly suggested that users carry out their own field measurement
campaigns to determine if any adjustments to the data set are necessary.

2. The CHM can accurately determine the height of trees and vegetation. Based on the tops
of fir and spruce trees, the CHM may initially make it appear that the crowns are much
smaller in width than they actually are, because sometimes only one pixel, located on
the highest point of the tree (e.g. 20 m), shows the actual height of the tree. The other
surrounding pixels indicate lower values for the crowns (e.g. 15 m).

3. Finally, it should be noted that a certain expertise is required to integrate tree heights
derived from a CHM to forest stand polygons. It is necessary to take the local maxima
(maximum height of each crown) from the CHM and choose from a multitude of
calculation methods to integrate the various heights (example: 95 ™ percentile, modal
height, etc.).
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1.4 SLoPe MODEL (SLOPES)
This raster file provides real numeric values representing

slopes. The product is generated from the digital terrain
model. The file “Pentes_nofeuillet.lyr” represents a
symbology (range of colours) for slope classes: A [0 to 3 %],
B 183 to 8 %], C]8 to 15 %], D ]15 to 30 %], E 130 to 40 %], F 140 to
50 %], X1 150 to 70 %], X2 170 % and +].

The slopes map can be used as a support tool for forest operations
or roads construction.

8 The open bracket shows that the value is excluded from the class.
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2 AVAILABILITY OF LIDAR DERIVED PRODUCTS

The first areas benefiting from LiDAR derived products in 2016 were the Saguenay — Lac-Saint-
Jean region (UA 024-51), Mauricie region (UA 041-51) and the entire Outaouais region. In the
following years, several other regions of Québec were also able to benefit from these products.
LiDAR products are expected to be available for all of southern Québec by the end of 2022. For
information on the areas for which products will be released in the future, please refer to the
LiDAR product availability schedule at:

https://mffp.gouv.qc.ca/forets/inventaire/pdf/Planification LIDAR produits derives.pdf
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3 ACCESSTO LIDAR DERIVED PRODUCTS

LiDAR derived products are available free of charge and can be viewed or downloaded through

three different ways.

A) Through the Forét ouverte interactive map, users can view different basic LiDAR products and

download them free of charge. To do this:

ok wnN P

8.

Access the interactive map: https://www.foretouverte.gouv.qgc.ca;

In the menu, click on the “Cartes prédéfinies (Map themes)” tab.

Choose the “LiDAR” theme.

View the layers of your choice by clicking on the eye (it must be green).

If the eye next to a layer is grey, zoom in.

To download LiDAR derived products, display the layer “LiDAR — Téléchargement (pleine
qualité)” and click on the map sheet you wish to download.

If layers are superimposed, select the “LiDAR — Téléchargement (pleine qualité)” layer in
the new window that opens at the bottom of the screen.

Select a product by clicking on the “Accéder” button.

B) You can also view and download the data in a GIS (geographic information system) from the

following Web map service (WMS):

https://geoegl.msp.gouv.qc.ca/ws/mffpecofor.fcgi?

C) It is also possible to download these products directly from the Données Québec website (the

gouvernement du Québec collaborative, open data internet portal). To do this:

1.

Refer to the "Données Québec” LiDAR fact sheet. This fact sheet also contains other

information pertaining to the use of these products, including metadata (year of
acquisition, point density and presence of leaves).

Directly access the FTP data directory, where data is categorized by map sheet:
https://diffusion.mffp.gouv.qc.ca/public/Diffusion/DonneeGratuite/Foret/IMAGERIE/Pr
oduits derives LiDAR/.
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4 RASTER DATA IN ARCGIS

This section covers basic operations used to facilitate the use of LiDAR derived products with the
commercial software package ArcGIS. While these techniques can all be used with other GIS
software, the procedures will differ from one to another (operations for QGIS are described in

Chapter 5). Also, take note that the proposed “.lyr” symbology will not work with other GIS
applications.

4.1 BAsIC FEATURES

4.1.1 View Raster Data

Once you have downloaded the LiDAR derived products (see chapter 3), you can open the files in
ArcGIS by clicking on the “Add Data” button.

S|

In the following window, select the “.tif” file of the map sheet you wish to view, or select the “.lyr”
file to view the symbology proposed with the data (Note: MHC=CHM, MNT=DTM,
MNT_Ombre = Hillshade and Pentes = Slopes).

Add Data X

lookin: | 32012ME v el BE s EsS

W MHC_32012NE.&if

' MHC_32112NE.lyr

I MINT_32112NE.tif

' MNT_32112NE.lyr

HEE MNT_Ombre_32112NE.tif
' MNT_Ombre_32112ME.lyr
{3 Pentes_32112NE tif
‘Pentes_321M2ME.lyr

Mame: | | Add

Show of type:

Datasets, Layers and Results o Cancel
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The proposed symbology will appear if you selected a “.lyr” file.

Q Sans nom - ArcMap

File Edit View Bookmarks |Insert Selection Geoprocessing Customize Windows Help
D2@& Laax/ociée-Bw |l EEE80 X
®E[N@ 250 @
Table Of Contents
0 = Layers
 w DESEE
<VALEUR>
[J0m
[J0-1m
1-2m
[E2-3m
[3-4m
MWi-5m
MW5-6m
MW6-7Tm
[7-8m
[E8-9m
Wo-10m
MWw-1m
MW1-12m
[112-13m
[13-14m
M14-13m

4.1.2 Change the Symbology and Select Classes

To modify the proposed symbology, place the cursor over the layer name, right-click and select
the layer’s properties. The following window will appear. In the “Symbology” tab, click on
“Classified” to change the number of classes. Then click on “Classify ...” to change the class break
values.

Layer Properties \ *

General Source Key Metadata Exent Display Symbalogy
Show:

Draw raster grouping values into classes
Vectar Field | 2 @
\ Unigue Values
Mﬁ S Fields
Stretche _—
Discrate Color Value <VALUE = Mormalization \iNune}
Classification
Manual Classes|32 Classify...
cheare [ I
Symbol  Range Label 2
-10,&67000008 -0 Om
0-1m
1-2m
2-3m
3-4m
4-5m o
[Jshow dass breaks using cell values Display NoData as —]|~

(use hillshade effect 71

About symbology

Annuler Appliquer
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The following window will open where you can change the class break values.

Classification *
Classification Classification Statistics
Method: | Manual i Count: 35176577
Classes: 32 Minirmum: -10,67000008
dusi Mandrnum: 32,18000031
Balairt Sum: 101 426 529,6
Exclusion ... Sampling ... Mean: 2,88335416
Standard Deviation: 3,917361802
Columns: 100 (= ] 5how 5td. Dev. [ show Mean
Break Values Yo
190000087 R LA L 3 Y 0 A
1
2
3
10000000+ 4
5
&
7
5000000 8
9
10
11 W
0 T T 1 oK
-10,67000008 0,042500019 1075500011 2146750021 321800003 _
[I5nap breaks to data values Cancel

To save the new symbology, place the cursor on the layer name, right-click and select “Save as

layer file”. You can then import this new “.lyr” symbology using the “Import” icon, as shown on
the following image.

Layer Properties X
General Source Key Metadata Extent Display Symbology \
Show: - -
———————————— Draw raster grouping values into classes =
Vector Field | grouping & L
Unigue Values
Mﬁch d Fields
Stretche: N
Discrete Colar Value VALUE= Mormalization <MNone =
Classification
Manual Classes 32 w Classify...
clriare | I
Symbol  Range Label 2
-10,67000008 -0 om
0-1 0-1m
1-2 1-2Zm
2-3 2-3m
3-4 3-4m
4-5 4-5m y
[ show class breaks using cell values Display NoData as —1|-
Use hillshade effect i1
About symbology . =
Annuler Appliquer
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4.1.3 Create a Transparent Layer of a DTM Combined With a Hillshade

Combining a DTM and a Hillshade can be used to interpret certain terrain features. First, you must
modify the DTM’s symbology. To do so, position the cursor on the layer name and right-click to
select the layer’s properties.

Next, in the “Symbology” tab, select the “Stretched” category and choose a color ramp. You can
also import the DTM’s “.lyr” to apply the predefined symbology (see section 4.1.1).

Layer Properties \ >
General Source Key Metadata Estent Display Symbology
Show:
Stretch values along a color ram -
Vector Field 9 P B‘ i
Unique Values
" Classified ~
Stretched
Discrete Color Color Value Label Labeling
. 467,025 | High : 467,025 |
-

374679 | Low :|374,678

corfore: [

[ pisplay Background Value: i as =
[Juse hillshade effect 1 Display MoData as -
Stretch
Type: Percent Clip w Histograms
i 0,5 max: 0,5 Cinvert
about symbology (] Apply Gamma Stretch: 1 "

Annuler Appliquer
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Next, go to the “Display” tab of the layer’s properties window and apply a 50 % transparency.

Layer Properties \ x

General Source Key Metadata Estent [Cisplay  Symbology

[] show MapTips
[Jpisplay raster resolution in table of contents
[] allow interactive display for Effects toolbar

Resample during display using:
|Nearest Meighbor (for discrete data) w
Orthorectification
Contrast:
- Ijl ¥ Orthorectification using elevation
Brightness: III L Constant elevation: o
Transparency: o DEM j E‘
oi i Elevation adjustment
'splay Quality i Z fackaor: 1
Coarse Medium Maormal
. Z offset: 0
Geaid:
| oK | | Annuler | | Appliquer |

When you overlap the DTM with the Hillshade, interpretation of the two combined layers
provides information about both altitude and terrain.

Q Sans nom - ArcMap

File Edit View Bookmarks Insett Selection Geoprocessing Customize Windows Help

D2E& LaBx /o -l L BEFFESD 9==-
QEA[@Iiile=s |- T8 @FE|S M5 TR E
Table Of Contents X £
ko8 =
B = Layers
B [ MNT_32112NE.&if
Value

™ High : 467,025

" Low : 374,679

= MNT_Ombre_32112NE

Valeur
Elevée: 253

Faible: 52
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4.1.4 Create a Hillshade from a DTM
The proposed Hillshade was designed with ArcGIS’s default azimuth value of 315°. In some cases,

depending on the direction of the glaciers, it may be appropriate to generate a hillshade at
another azimuth for the relief of certain terrain structures to stand out, such as eskers.

To generate a new hillshade, you must add the DTM to ArcGIS. Next, open the image analysis
window by clicking on “Windows” and then “Image analysis”.

When the window appears, check the DTM to be edited. In the “Processing” section, select the
desired colour gradient (black and white in the following example) and click on the “Hillshade”

icon: |E—|l

Image Analysis O x
|
\ (] MHC_32112ME ~

<& MNT_32112NE. 6

(14 MNT Ombre 32112ME v
£ >

Display =

»

B
Y

[ ]oRA [ ]TopUp
] Background

Percent Clip e h

Mearest Meighbor e

L (=] ‘:;" =

Processing <

FE b A=
S I

AV _ ]
| B

Blamd

The hillshade will appear in ArcGIS.
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To change the azimuth of the hillshade, place the cursor on the name of the newly generated
layer and right-click to select the layer’s properties. Select the “Functions” tab, place the cursor
on the hillshade function, right-click and then click on “Properties”.

Layer Properties

General Source Key Metadata BEsent Display Symbology Functions

g% Function Chain
=-{] Hilshade_MNT_32112NE. tif
-1

L MNT_3 Insert Functicn H
Insert Python Raster Function

Remove

/V Properties...

The following window, in which you can change the azimuth and Z factor in the “Hillshade” tab,
will appear. We recommend that the Z factor be set to 2. It is preferable to set the azimuth to a
value perpendicular to the land structures to be detected, as shown in the two examples below,
where the angle of 320° makes it possible to identify a steep slope, something that cannot be
done using an angle of 270°. A southern azimuth angle (e.g. 180°) should not be used because the
topography will be reversed, as in the third example below.

Raster Function Properties x
General Hillshade Output Info  Key Metadata
Input DEM: | MNT_32112NE. tif | =)
Azimuth: | 320 A |
Altitude: | 43 |
Scaling: NOMNE o
£ Factor: | | ‘/ |
Pixel Size Power: 0,664
Pixel Size Factor: 0,024
[Jremove edge effect
Annuler
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Example 3: Hillshade wtih a 180° azimuth (south) showing reversed topography.
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4.1.5 Create a Slope Model
To create a slope model, a DTM must be added to the map’s table of contents. Next, click on
“Windows” in the toolbar and select “Image Analysis”. When the window opens, select the DTM

on which you wish to work and then click the “Add a function” button (in yellow in the image
below) in the “Processing” section.

Image Analysis O x
E
\ (148> MHC_32112NE A
B> MNT_32112NE. tif
(148 MNT Ombre 32012NE v
£ >
=M
Display =
>4 1
0 [ o]
a I
Y | 1,00
[ |oRaA [ ]TopUp
[ ]Background
Percent Clip e k
Mearest Meighbor e
F B ol
Processing =]
\d WE =4 ¢
5 I
| . | 7
Hle %
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A new window will open. Place the cursor on the DTM,
Function”. Select “Slope Function” from the list of functions.

then right-click and select “Insert

S
S
L
S
L
S

J&# Function Template Editor

Eﬁ% Function Chain
=-{E) xdb852752_c058_4c82_96d7_3695ad7ab801y0.afr
E-Ja Identity Function
@ : _
/ Insert Function »
/ Insert Python Raster Function
S

Remowve

Properties...

Curvature Function
Elevation Veid Fill Function
Extract Band Function
Geometric Function
Grayscale Function
Hillshade Function

Local Function

Mask Function

ML Classify Functicn

MNDVI Function

T

o 5

/Vﬁr

r—

B 2 BT

Resample Function

Segment Mean Shift Function
Shaded Relief Function

Slope Function

A new window will open where you should select PERCENT_RISE as the output measure. Leave

the Z factor at 1 and click on OK.

Raster Function Properties x
General Slope
Input DEM: | MNT_32112NE. tif | =
Output Measurement: \ PERCENT RISE w
Z Factor: | 1 |
Pixel Size Power: 0,664
Pixel Size Factor: 0,024
[ Jremove edge effect
e

Then click on OK in the “Function Template Editor” window, and you will obtain a black-and-white
slope model. You can change the symbology (see section 4.1.2) or apply a “.lyr” file containing the
desired symbology (see section 4.1.1 or next page). You can downlowd the proposed “.lyr” for

slopes from the “Symbologie.zip” file at:

https://diffusion.mffp.gouv.gc.ca/public/Diffusion/DonneeGratuite/Foret/IMAGERIE/Produits d

erives LiDAR/.
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To change the symbology, right-click on the layer you have created and select “Properties” to
open its properties. In the “Symbology” tab, click on the “Import” button (in yellow in the image

below), then select the “.lyr” file containing the symbology (e.g. “Pentes_32I112NE.lyr”) and click
on OK.

Layer Properties \ X
General Source Key Metadata Extent  Display Symbology  Functions
Show: . - " -
Draw raster grouping values into classes 4«
Vector Field ‘ grouping | BJ &
Urigue Values
Eﬁﬁ_ﬁl . Fields
Stretche -
Discrete Calor Value “VALUE= . Normalization <Mone= w
Classification
Manual Classes|g w Classify...
ko S 0
Symbol  Range Label ~
0 Nulle
0-3 A(0a3%)
B {438%)
C (94 15%)
D (16 & 30%)
E {313 40%)

L

—pau e

[Jshow dass breaks using cell values
[Juee hillshade effect 7|1

Display MoData as —1|~

About symbology

Annuler Appliquer

This will give a slope layer with the desired symbology, similar to the image below. In the proposed
symbology for slopes, the upper value of each class is included, e.g. the 0to 3 % includes the value
3.000000 %, and the 3 to 8 % class starts at 3.000001 % and includes the value 8.000000 %.

B Sans nom - ArcMap

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

Dedé taBx/o o d-sm L BEEE0;
RE[FQ i« - T 8@ MR PHEE R
lable Of Contents I x ;
BEEERNE
= < Layers
Func_MNT_32112NEtif
<VALUE=
[ Mulle
CIA®DE3%)
B (4a8%)
CJC(9a15%)
[0 (16 4 20%)
WE (31 340%)
M F(41a50%)
X1 (513 70%)
W2 (T1% et +)
= O Hillshade_MMNT_32112NE.tif

Value
High : 255

Low: 0
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4.1.6 Assemble Several Rasters

To assemble multiple raster images together, you can use the “Mosaic to New Raster” tool by
clicking on “Data Management Tools > Raster > Raster Dataset > Mosaic To New Raster” in
ArcToolbox. Assembly is best done using a limited number of map sheets. With more than 10 map
sheets, the generated raster will probably be too large to use.

) & 1 %
ArcToolbox

L | o B3 Data Management Tools Input Rasters

& Archiving || ﬂ

& Attachments
&5 Data Comparison \4 D:\Données DIFLDARNIZI 12ME\MNT _32112ME. tif

& Distributed Geodatabase D:\Données DIFLIDARN32I12SENMMT _321125E. tif
&g Domains

& Feature Class

& Features

&3 Fields

& File Geodatabase

& General

& Generalization

& Geodatabase Administration
&5 Geometric Network \4 Output Location

#., Mosaic To New Raster — O .

= (=p| | x| (] |

& Graph | D:\Données DIF\LDAR | |2
& Indexes . .

- Raster Dataset Name with Extension
1 & Joins \‘|M : p—p- |
& LAS Dataset osaic_raster,
& Layers and Table Views Spatial Reference for Raster (optional)
& Package R | NAD_1983_MTM_7 | |Bf

& Pho.tos. _ Pixel Type {optional)
\‘ &, Projections and Transformation \ |8_Bl'I'_LINSIGNED w
= &5 Raster

& Mosaic Dataset Cellsize {optional) 1 ’/
& Raster Catalog
) & Raster Dataset Mumber of Bands /
"r\ Copy Raster | 1 |
"\ Create Random Raster Masaic Operator {optional)
'l\ Create Raster Dataset | MAXIMLIM e
£
!‘% D':'W”_Ioad Rasters Mosaic Colormap Mode (optional) ‘/(
%, Mosaic | FIRET "

ﬁ Maosaic To Mew Raster
"% Raster Catalog To Raster

< 2>

| Ok | Cancel Environments... Shiow Help ==

Input Rasters: Select the .tif images, not the .lyr files.
Output Location: Select the file in which the new raster will be saved.
3. Raster Dataset Name with Extension: Assign the name of the output raster with the .tif
extension.
4. Spatial Reference for Raster (optional): Select the reference for one of the data layers.
5. Pixel Type (optional): Select 8_BIT_UNSIGNED for a hillshade and 32_BIT_FLOAT for other
products.
6. Cell size: Select the desired resolution (1 m is used in this example).
7. Number of Bands: Select 1.
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8. Mosaic Operator (optional): Select “Maximum”, because the overlapping pixels are

generally similar. However, other types of operators would have little impact on the
result.

9. Mosaic Colormap Mode (optional): Select “First”.

4.1.7 Clip Raster Data in a Given Area
To clip a raster, first select the raster to be clipped. Then select “Customize” > "Toolbars” and
“Draw”. Use the rectangle tool to create a rectangle for clipping.

3D Analyst
Customize | Windows Help Advanced Editing

| Toolbars » Animation
Extensions... ArcScan
Add-In Manager... CoOGo
Custemize Mode.., Data Driven Pages
Style Manager... Data Frame Tools
ArcMap Options... I. Eistributed Geodatabase
raw

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

D& +aax oo (b [lam VL EGEED P,

EMQ| il |- O E U BEEER-AY  § Rl o | ED ) ] BS E [E] 5 B

Table Of Contents 1 x

= = layers
[ERl MNT Ombre 32112NE 1

Value
High: 233

Low: 52
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Open the image analysis window by clicking on “Windows” >”Image Analysis”. In the image
analysis window, click on the “Clip” tool.

Windows | Help Image Analysis O x
Overview |
Magnifier & MNT_Ombre_32112NE. tif
Viewer
Table Of Contents < 3
i m Catalog i EF
@ Search Ctrl+F | Display =
Image Analysis » i III
I [ o]
e 1 [ o]
Y i
[ ]DRA [ TopUp
[]Background
Percent Clip w h
Mearest Meighbor -
d B ol
\ | Processing =
| Clip
Use the data view extent or a
selected polygon graphic or
feature to chip out a portion

of the selected layer(s), and
create a ternporary layer for
each selection.
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Lastly, right-click on the name of the clipped image and then on “Data > Export Data”. This will

enable you to save the new clipped raster.

= = Layers
= Clip_MNT_Ombre_32112RIEtf
Value @ Copy
High: 253 ¥ Remove
Low: 52 ~pen ARTBLULE Tabie
loins and Relates
B MMNT_COmbre_32112ME. fj}) Zoom To Layer
Value 7 T e Visible
High : 253 .
#H  Foom To Raster Resolution
Low: 52 Visible Scale Range
| Data _pair Data Sc
Edit Features 3 |{-§’ Export Data...
.»\’:,, Save As Layer File... Add to Mosaic Dataset
4’ Create Layer Package.. Slrdiezles
“f Properties... Wiew ltern Description...
Export Raster Data - Clip_MNT_Ombre_32112ME.tif o4
Extent Spatial Reference
() Data Frame {Current)
(@) Raster Dataset (Original) (O Data Frame (Current)
Raster Dataset (Original
Selected Graphics (Clipping) Clip Inside ® Raster Dataset (Original)
Output Raster
[]use Renderer []square: Cell Size (cx, cy): @ | 2 || 2
Force RGB Raster Size (columns, rows): () 5113 3107
lUse Colormap MoData as: ICI
Mame Property 2
Bands 1
Pixel Depth a Bit
|Uncompressed Size 15,15 MB
Extent {left, top, right, bottom) { 288119,0000, 5517670,0000, 298345,0000, 5611456,0000) ¥
£ >
Location: | C:\Usersimajme 1\Documents\ArcGIS\Default.gdb | E‘
Mame: | CIip_MNT_Dmbre_3| Format: File Geodatabase
Compression Type: Compression Quality 75
| NOME v| CoToo:
About export raster data \4 Cancel
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4.2 ADVANCED FEATURES

Other products can be created from basic LiIDAR derived products using territorial analysis. Both
applications previously mentioned (ArcGIS and QGIS) offer tools that can be used to obtain
contour lines, convert rasters to polygons, fill lakes, delimit drainage basins (watersheds),
reclassify rasters, generate a focal CHM, generate a topographic wetness index, etc.

4.2.1 Create Contour Lines
Requires the 3D Analyst licence (see the licence-free process with QGIS in section 5.3.1).

To create contour lines, you will need one or more DTMs for the region for which you want the
contour lines. The DTMs should ideally be clipped (see section 4.1.7) or combined to obtain the
desired area only, since this will increase processing speed. Once the area is ready, open
ArcToolbox and select “3D Analyst Tools” > Raster-surface > Contour”. The following window will
open.

In the new window, select your “Input raster”, select the output location (“Output polyline
features” field) and enter the required distance between each line in the “Contour interval” field.

s
ArcToolbox ., Contour

B ArcToolbox L,ﬁ i

= B 2D Analyst Tools | |
& 3D Features
& CityEngine | |
By Conversion

A * Contour interval

& Data Management | |
%! Functional Surface Base contour (optional)
& Raster Interpolation | u|
%! Raster Math Z factor (optional)
i85 Raster Reclass | 1]
= & Raster Surface

"r\% Aspect < 2

‘{5 oK Cancel Environments... << Hide Help

"‘rxﬁ Contour List

\ ¥ Dutput polyline features

;\% Contour with Barriers
,.r\% Curvature
"":Q_ Cut Fill
"‘r\% Hillzhade
&
%, Slope
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This will give a result similar to the following image.

(@ Sene nem - Archiag

Fichier Edifion  Affichage Glosignets Insérer Sélection Géotraitement  Personnsliser  Fendtres  Aide

Dads Bx " - 124000 el EEEEO Felitors +

SRENEl TEHEEE - B LAl Ry W g

Tabde des matidres

HaoB
Couches

S o]

O courbearcgiad
Valeur
Elewvée : 142100

Faible : -131380

Elevee: TI0S

Faible: -£509

i B MNT_SI06NO

The colour of the lines can be changed by right-clicking on the layer and selecting the “Symbology”
tab of the “Layer Properties” window. Labels can also be displayed using the “Labels” tab in the
“Layer Properties” window. Check “Label features in this layer” and select the “Label Field” you

wish to display.

Layer Properties / >

General Source Selection Display Symbology Fields  Definition Query Labels  Joins & Relates Time ~ HTML Popup

Label features in this layer
Method: Label all the features the same way. w

All features will be labeled using the options specified.

Text String
Label Field: HYP_COORD_ZMAX Y] Expression...
Text Symbol
|6 Aval vi[g ]
AaBbYyZz
. - B I U Symbal....
Other Options Pre-defined Label Style
Placement Properties... Scale Range... Label Styles...

Annuler Appliquer
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4.2.2 Reclassify Rasters

It can be useful to reclassify rasters, among other things to convert a raster file into a vector layer.
This operation requires the “Spatial Analyst” extension and is carried out using the Hillshade layer.
First, the desired Hillshade must be added to the project’s table of contents. Next, open
ArcToolbox and select “Spatial Analyst Tools > Reclass > Reclassify”. The following window will
open.

Next, select the raster on which you wish to work and select “Value” in the “Reclass field”. To
reclassify the values, click on the “Classify” button in the reclassification section. The list of values
will then appear in the field on the left-hand side, and a predefined classification will be offered.
You can change it as you wish. Once the classification values have been chosen, select a location
for your output raster and click on OK. Your new raster will be added to your map’s table of
contents.

ArcToolbox
= B Spatial Analyst Tools
%: Conditional #_ Reclassify
& Density
%3 Distance % Input raster A
& Extraction | MNT_Ombre_22CO4NE | &
& Generalization % Reclass field
& Groundwater | Value 'S v|
%! Hydrology % Reclassification
By Interpolation Old values New values A
%: Local 1-35 !
-7 2
& Map Algebra 73.104 3 Unique
%! Math 104 - 130 4
130 - 153 g
By Multivariate 153 172 B Add Entry g
& Neighborhood '4 e : >
& Overlay
%! Raster Creation oK Cancel Environments... << Hide Help
= &y Reclass
‘{h Lockup

#., Reclass by ASCII File
{\\’ Reclass by Table

~ =

‘{h Rescale by Function

#, Slice
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Convert a Raster Image to Vector Format (Polygons)

Converting a raster image to vector format allows LiDAR data to be used on certain types of GPS

devices that are unable to read raster files. Please note that the process is very time-consuming,

so make sure you have clipped the area you want (see la section 4.1.7) before starting the process.

In addition, we recommend reclassifying the raster (see section 4.2.2) to avoid producing a

polygon for each pixel, which would make the layer too big to use.

To convert a raster, start by adding the raster you wish to convert to the project table of contents.

Then, from Arc Toolbox, select “Conversion Tools > From Raster > Raster to Polygon”. Next, select

the desired input raster, select a location for the output polygon file, and click on OK.

ArcToolbox

M

= @ Conversion Tools

& Excel

& From GPS

& From KML

& From PDF

= & From Raster
#, Raster to ASCII
;\} Raster to Float
;\% Raster to Point

\\ﬁ Raster to Polygon

;\% Raster to Polyline
#, Raster To Video

& From WFS

& JSON

& Metadata

& ToCAD

& To Collada

&y To Coverage

&y To dBASE

& To Geodatabase

By To KML

& To Raster

& To Shapefile

@ Data Interoperability Tools
&3 Data Management Tools
&3 Editing Tools

&3 Geocoding Tools

* Raster to Polygon O x
% Input raster

| =l |

Field {optional)

v|

% Qutput polygon features

Simplify palygons {optional)

< >

QK Cancel Environments... Show Help ==
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4.2.4 Create a Focal CHM

A focal CHM can be created from a CHM. The focal CHM better indicates the maximum canopy
height value for coniferous trees, making it easier to interpret stand height. However, the focal
CHM artificially expands canopy diameter and thereby significantly overestimates cover density.

To create a focal CHM, start by adding the desired CHM to the project table of contents. Next,
in Arc Toolbox, select “Spatial Analyst Tools > Neighborhood > Focal Statistics”. The following
window will open. In this new window, select the CHM you want as the input raster and select a
location for your output raster. Next, select “Circle” in the “Neigborhood” drop-down menu and
“MAXIMUM” in the “Statistics type (optional)” drop-down menu. For a CHM of a coniferous or
mixed forest, you should test several radius values, but the value 3 generally gives good results
and provides a better view of the maximum coniferous stem value.

ArcToolbox %, Focal Statistics = O X
= @ Spatial Analyst Tools
. 'Y
& Conditional i A
B Density | | -E’.
&! Distance % Qutput raster -
B Extraction | | =
&! Generalization .N.eighborhood {optional) / .
& Groundwater s E
&! H}rdrulog}r Neiahborhood Settinas
& Interpolation e
ﬁ Local
& Map Algebra Units: @ cell (O Map
& Math
& Multivariate
= & Neighborhood
#., Block Statistics
&£ Statistics type (optional)
;:\'_ Filter |MAX]NUM K v|
%, Focal Flow
Q’h Focal Statictics [~]Ignore NoData in calculations (optional) v
't\e\\ Line Statistics < >
0K Cancel Environments... Show Help =>

After processing, you will obtain a raster similar to the following image.

Standard CHM Focal CHM
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4.2.5 Topographic Wetness Index

The topographic wetness index (TWI) is used to assess the ground’s capacity to retain moisture.
It takes into account water accumulation and slopes at a specific location.

You must first download the SAGA file from: https://sourceforge.net/projects/saga-gis/.

SOURCEFORGE

Open Source Software Business Software

/SAGAGIS

18,8 08¢

Download

BSD Windows Linux

Services Resources

Downloads:

Share This

Next, install the necessary SAGA toolboxes. To do this, right-click on “Arc Toolbox” and select

“Add a toolbox”. Then select the folder in which you saved your SAGA file (it must be unzipped
first). In the SAGA file, select “ArcSAGA Toolboxes” and install the “Terrain Analysis -

Preprocessing” and “Terrain Analysis - Hydrology” toolboxes.

Add Toolbox

Look in: £ ArcsaGA Toolboxes

ot

vl @ ESEBED S

:
:
:
| 5 Shapes - Transects.pyt

13 Spatial and Geostatistics - Grids.pyt

| 53 Spatial and Geostatistics - Kriging.pyt
15

§ S Spatial and Geostatistics - Regression.pyt
| 5B Terrain Analysis - Channels.pyt

i &9 Terrain Analysis - CliffMetrics.pyt

:
:

-t

ot

Bl

¥ Spatial and Geostatistics - Points.pyt

=

it

@ Terrain Analysis - Compound Analyses.pyt

' Terrain Analysis - Hydrology.pyt

E,Terrain Analysis - Lighting,
%,Terrain Analysis - Maorphom
= _Terrain Analysis - Preproces
E’Terrain Analysis - Profiles.py
E,Terrain Analysis - Slope Stak
E’Tu:u:ul Chains - Climate and ¥
E’Tu:u:ul Chains - Files.pyt

&9 Tool Chains - Grid Collectio
E’Tu:u:ul Chains - Grid Filters.py

>

H Mame: Terrain Analysis - Hydrology.pyt; Terrain Analysis - F‘repn:uc| | Open

| Show of type: | Toolhoxes

w Cancel

Once the toolboxes have been installed, the first process is to fill surface depressions. To do this,
select “Preprocessing > Fill sink XXL”. In the new window, select the DTM you want in the “DEM”
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field, then select the location of the output file (“Filled DEM” field) and enter 0.01 as
the “Minimum Slope [Degree] (optional)”.

E7 Fill Sinks XXL (Wang & Liu)

a x

¥ DEM

Fill Sinks XXL (Wang A

& Filled DEM

7 B & Liu)

This tool uses an algorithm

-+
| = proposed by Wang & Liu to

Minimum Slope [Degree] (optional)

identify and fill surface

4

0,01 | depressions in digital

elevation models. W
< >
(04 Cancel Environments. .. << Hide Help Tool Help
57 SAGA Wetness Index =B e
b
Next, open  “Hydrology > SAGA P

Wetness Index”. The window on the
right will be displayed. Select the
DTM resulting from the first process
(Filled DEM) in the “Elevation” field.
Next, select a location for the output
“Catchment Area”,
“Catchment  Slope”, “Modified
Catchment Area” and “Topographic
Wetness Index”. Lastly, select “total

files, namely

catchment area” for “Type of Area”
and “local slope” for “Type of Slope”.
The other settings should be default
values.

This will give you the TWI in raster
format. You can then change the
(see

symbology if want

section 4.1.2).

you

For more information about this
method, see the following video on
YouTube, produced by Sylvain Jutras
and his team from Université Laval:

Elevation

[MNT_3102NE.tif =]
Weights (facultatif)

| =l

% Catchment Area

¥ Catchment Slope /
¥ Modified Catchment Area

¥ Topographic Wetness Index

Suction (facultatif)

Type of Area (facultatif)
total catchment area

w
Type of Slope (facultaﬁﬁl/
local slope -

Minimum Slope (facultatif)

0
Offset Slope (facultatif)
0,1
Slope Weighting (facultatif)
1
[ 0K ] I Annuler I [ Environnements J I<< Masquer |'aide

https://www.youtube.com/watch?v=V2hTDlIhwo7s.
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5 RASTER DATA IN QGIS

This section covers basic operations for an easy use of LiDAR derived products in the open source
software QGIS. These techniques work in other GIS applications, however the methods used differ
from one to another. Also, take note that the suggested “.qml” symbologies will not work with
other GIS applications.

5.1 DOWNLOAD AND INSTALL THE APPLICATION

QGlIS is a free and open source geographic information system. It is user-friendly and designed for
the general public. It can be downloaded from the QGIS
website (https://qgis.org/en/site/index.html) and installed on multiple workstations free of

charge. The application is created and constantly upgraded thanks to an extensive network of

volunteers and user donations.

QGIS

A Free and Open Source Geographic Information System

wra

225t Daveloper mesting

Create, edit, visualise, analyse and publish geospatial information on Windows, Mac, Linux, BSD (Android caming soon)
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5.2 BASIC FEATURES

5.2.1 View Raster Data and Download Predefined Symbologies
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Once you have installed QGIS and downloaded the LiDAR derived products (see chapter 3), you
can open the files by clicking on the “Layer” tab, then “Add Layer” and “Add Raster Layer...".

() Untitled Project - QGIS

Chri+L

Project Edrt Eﬁ!’\l;\f @ Settings  Plugins Vector Raster [!uhhus_:e Web Progessing Help

D % E 1.! Data Source Manager

n ken

Save Layer Edits
Current Edits
ave As...

ave As Laver Definition File..

¥

L2 5

Add ArcGIS MapServer Layer...
Add WCS Layer...
Add WFS Layer...

Add ArcGIS FeatureServer Layer...

RAREDMY e
@ @_ Va f Create Layer L | = 4 WEF-—W W - I~ I —
e L ML | Add Layer *l V. Add vector Layer... CtrHShift+V
layers & X R@(  Embed Layers and Groups... B Add Raster Layer... . CUMShRR
- L:IL M ) Add from Layer Definition File... 9., Add Delimited Text Layer... i
Cony Style . Add PosteIs Layers... Crrl+Shift+0
Pacta Style ﬁ Add SpatiaLite Layer... Ctr+Shift+H
- JB  Add mssqu spatial Layer... Crrk+Shift+M
i [, Add DB2 Spatial Layer... Cirl+Shift+2
PR L @, Add Oracle Spatial Layer... CrrHShift+0
Dpen Aftributa Table E6 4 Add/edi virual Layer...
Toggle Editing @ Add WMS/WMTS Layer... Crri+Shift+
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Once the following window opens, click on the “...” to select the “.tif” file of the map sheet you
wish to view, and click on “Add” (Note: MHC = CHM, MNT = DTM, MNT_Ombre = Hillshade and

Pentes = Slopes).

Q Data Source Manager | Raster m

Source type

@) File () Protocol: HTTP(S), cloud, etc.

Source K

Raster Dataset(s) D:\QGIS\MNT_32A10NO.Hf a

m Virtual Layer
\‘E{ WMS/WMTS
-Ie; wes

+ WFS

uf}g

*

-* ArcGIS Feature Server :

4 GeoNode

ArcGIS Map Server

Close H Add ” Help
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Once the file opens, a black-and-white layer will appear on the screen.

I2 *Untitled Project - QGIS
Projct [t Yew |ajer Sewngs Plugna Vecgr Bester Dotsbase Web Progessing el
EERGE 928 RLPA SRR &6 -H-S-LMER -0
Ll AT A AR # @ ¢ “EHusz = R 4 B
Layers ax
CARTL-FRO
4 (v [ ant_2a10m0

| ERE
610917

€% " Q

The predefined symbologies are not included in the “.tif” file. Separate

4

‘.qml” files must be
downloaded (the “.lyr” format does not work in QGIS). These symbologies are in the
Symbologie.zip file at:

https://diffusion.mffp.gouv.gc.ca/public/Diffusion/DonneeGratuite/Foret/IMAGERIE/Produits d
erives LiDAR/.

@@|@ ftp://transfert. mffp.gouv.ge.ca/Pt 0 ~ & ” (& Répertoire FTP /Public/Diffusi.. | = Répertaire FTP /Public/[]
Fichier Edition Affichage Faveris Outils 7

U7 1672018 1Z:00 REpertoire ZZF

11/18/201% 10:53 Répertoire 226G

11/18/201% 10:53 Répertoire 22H

05/16/2018 12:00 Répertoire 22T

05/16/2018 12:00 Répertoire 22J

12/05/2017 12:00 Répertoire 22K

10/18/2017 12:00 Répertoire 22L

05/16/2018 12:00 Répertoire 32D

05/16/2018 12:00 Répertoire 32E

05/16/2018 12:00 Répertoire 32F

06/07/2019 12:00 Répertoire 32G

06/07/2019 12:00 Répertoire 32H

06/07/2019 12:00 Répertoire 321

03/10/2020 01:55 Répertoire gsv

0171472020 05:23 20,118,809 metadonnees.zip

03/09/2020 02:02 995,265 shp.zip /

01/14/2020 05:25 37,740 Symbologie.zip
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To display the downloaded symbologies in QGIS, place the cursor over the layer name, right-click
and select “Properties” to display the layer properties. The following window will appear.

To upload the desired “.qml” file, select the “Symbology” tab and then “Load Style” from the
“Style” drop-down menu.

¥ Band rendering

G Information Render type |Singleband gray -

‘;-'C\‘\ Source Gray band [Band 1 (Gray) ']

Color gradient [Black to white ']
Q’ Symbology
Min 271.848

L2 Transparency

Max 610.917

Contrast

anhancement |Stretch to Minhax -]

I! Histogram
Q Rendering
E& ryramids
ah Metadata

Legend

P Min / max values settings

¥ Color rendering

Blending mode | Normal '] 49 Reset
Brightness : D 0 = I Contrast D 0 2
Saturation . D a 2 I Grayscale |Off ']
Hue [ colorize |v Strength 100% [
Load Style... !
)ul '] out[N.earest neighbour | Oversampling 2.00 %
Save Styla...
wmbnail Legend Palette
Save as Default
Restore Defaul
A,
Rename Current...
|| dafaulk
A - r'g [ 0K ] [ Cancel Apply Help

The proposed symbology will be applied to the chosen layer.

[@ et G EEN-NE

BRRE O%EA. V- RV sie @
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. T -# X0
-

W 27 10657 et T

TOL0METRILIE
1290008339843
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5.2.2 Change the Symbology and Select Classes
The proposed symbology can be changed to suit your needs. To do this, select the layer’s

properties (right-click on the layer name and select “Properties”).

Using the “Symbology” tab in this window, you can change the limit values and colours associated

to each class interval by double-clicking on the colour box. You can also use the “Mode” drop-

down menu to select different types of class intervals (“Continuous”, “Equal Interval”, and

“Quantile”). Finally, you can change the number of classes by selecting the “+” and “-” buttons

next to “Classify”.

S s ==

Q Layer Properties - MNT_32A10NO | Symbology )

G Information

@, Symbology

1@ Transparency

Il Histogram
rd

4 Rendering

@& Pyramids

H Metadata

Legend

QGIS Server

¥ Band rendering

Render type [Singleband pseudocolor ']

»

Band [Eand 1 (Gray)

Min 225

Max )

» Min / max settings

Interpolation [Linear

Color ramp | I

Label unit
suffix

Value Color  Label
225 225
450
675
900

n

Mode |Continuous A

[ dlip out of range values

¥ Color rendering

Classes |4

Blending mode | Mormal

3

Brightness D
Saturation [}

Hue ] colorize

ald

o [Z] | contrast [l 0

N [Grayscale Off ']

¥ Strength © 100% 2

Thumbnail

Legend Palette

[ ox || cancel | mppy || mep
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5.2.3 Create a Transparent Layer of a DTM combined with a Hillshade

As mentioned in section 4.1.3, a combination of a DTM and a Hillshade can be used to interpret
certain terrain features. First, start by adding the DTM and Hillshade to QGIS and then load the
“.qml” symbology for the DTM, as described in section 5.2.2.

Next, in the DTM'’s “Layer Properties” window (right-click on the layer name, select “Properties”),
select the “Transparency” tab and reduce “Global opacity” to 50 %.

() Layer Properties - MNT_32A10NO | Transparency ‘ ! ' - . Y. M
) ¥ Global opacity /

- (! en o or  &m (&)
4" mformation 8 50.0% @ 2
'{:\\ Source Sl vakic

Mo data value -3.4028234663852886e+38
%~ Symbology

Additional no data value
= ¥ Custom transparency options
Histogram Transparency band [None ']

T Transparent pixel list
From To Percent Transparent
B rFyramids
'
Style - [ ok || cancel || mppy || Hep |

Finally, overlap the DTM with the Hillshade. The combination of these two layers provides
information on both altitude and terrain.

Projet [deer Ve Couche Predérencer [gtenson Vectew Master Basededoanées [nteet Mabage Tistement fide
IBEBREN ORELHI DR BRET O
(.3

Conchar. an
A=Y -5

= ¥ ¥ MNT_12A1080
| BT
FH00HTELININ
| BT
¥
|
B9
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5.24 Create a Hillshade from a DTM

The proposed Hillshade was designed using ArcGlIS’s default azimuth of 315°. In some cases,
depending on the direction of the glaciers, it may be appropriate to generate a hillshade at
another azimuth for the relief of certain terrain structures to stand out, such as eskers.

To generate a hillshade in QGIS, you must add the DTM to your project. Next, click on “Processing”
in the main toolbar and on “Toolbox”.

Project Edit View Layer Seftings Plugins Vector Raster Database Web Fregessing b
NEBARER M2 2SR HPP R ok o T 5 By 5 -
——" ——— —— %5 Graphical Modeler... crrl vl -
RQV. A WA /B - oRZT¥E E 90 gy o B B A
Layers e = Results Viewer riranse |
o @®mTE~FAL \ )
4 V| [ unt 3271000 ) ' : . :
W 207 i :
288 {s
369 X
450 ’ :
M 531 - ]
4 [7] f&® mnr_ombre_32A10N0 4 . i
. 1 '] ]
255 4 il

The “Processing Toolbox” will then appear. Click on “Raster terrain analysis” and then on
“Hillshade”.

. Hillshade

s a2 )

Parameters Log

Elevation layer

¥ MNT_32410n0 [EPSG:2050] & 7] [

Z factor /

2.000000 a
Azimuth [hori:y&ﬂl angle)
315.000000

Vertical angle

40.000000 /
Hillshade

[Save to temporary file] E
Open output file after running algorithm

hild

4|

| | 0% Cancel

K
lRun as Batch Process... [Run in Background] l Close l [ Help
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In the above “Hillshade” window, select your DTM as “Elevation layer” and identify the “Z factor”
and desired “Azimuth” for the hillshade you want to create. The standard azimuth (horizontal
angle) is 315° and the recommended Z factor is 2. We also recommend a vertical angle of 40°.
Lastly, if you wish to save the final layer, select a file location and name in the “Hillshade” field.
Otherwise, the layer created will be lost once you close the project. Click on “Run in Background”.

As mentioned in section 4.1.4, it is preferable to set the azimuth at a value perpendicular to the
land structures to be detected, and to avoid using a southern azimuth angle (e.g. 180°) which will
reverse the topography.

This tool will produce a result similar to the following image. The small sign next to the layer name
indicates that this is a temporary layer because no output location was given. To save the file
permanently, right-click on the layer name, then on “Export” and “Save as”. In the new window,
click on “Scroll” to the right of the “File name” field and select a location and layer name. Before
closing a project, it is a good idea to check if any layers you wish to save for further use have this
symbol.

. *Untitled Project - QGIS

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

NEERRR (2PN PPRLRRNS 6.6 -
BV 20 9/ B r@m<e A ool =v¢EFaps
Layers # x i Temporary layer
o [l ® T E -8 AL Cxapry S T
4 [v] [# nillshade =
W
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M s
4 [0 '
B
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Create a Slope Model

To create a slope model using QGIS, you must start by adding a DTM to your project. Next, in

“Processing Toolbox

7 (II

Main toolbar” > “Processing” > “Toolbox”), click on “Raster terrain

analysis” and then on “Slope”.

(22 *Untitled Project - QGIS

Layers 8 x|| =| Results Viewer

« 0 %T 5 »
4V . ||

Cirl+Al+R

Project Edit View Layer Settings Plugins Vector Raster Di Web [.. Help () patabase
B R s @ = @ ' T (3 ' @ File tools
NEEBROR [ 22 8510 D 52 # b Crri+AI+T Qo

™ = - = - L Graphical Modeler... Crrl+Al+M "
Q @‘ v f 'ﬁ A =t _/ m g 2 =] = History AR () Interpolation

W 2 4 () Raster toals
i I L) (@ vector analysis
::; " : (2 vector creation

M 511 () vector general

() vector geometry
[—— Q Vector overlay

Processing Toolbox
WG
L Search..
4 Recently used
@ Hilshade
@ slope

{§ Contour

@ rreclass
#% Polygonize (raster to ve...
@ rneighbors

() cartography

() Layer tools

() Network analysis

() Raster analysis

(2 Raster terrain analysis

The following window will be displayed. In this window, select your DTM as your elevation layer,
leave the Z factor at 1 and select, if desired, an output location in the “Slope” field. If not, the
created layer will be temporary, and will disappear once the project is closed. Lastly, click on

“Run in Background”.

. Slope

Parameters Log

Elevation layer

!'MN‘I’_BZAlUND [EPSG:2950] &

Z factor

<

[Save to temporary file]

1.000000

Slope

<

Open output file after running algorithm

A[r

| 0%

K

Cancel

Run as Batch Process...

Run in Eackground] I

Close

J|

Help
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The new raster file will be in black-and-white.

To obtain the predefined symbology, you will need to load it by following the steps described in
section 5.2.2. Select the “Pente.qml” file. This will result in an image similar to the one below.
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5.2.6  Assemble Several Rasters
To assemble multiple raster images together, click on “Raster” in the main toolbar and then
“Miscellaneous” and select “Merge”.

() *Untitled Project - QGIS g
Project Edit View Layer Settings Plugins Vector | Raster L YWeb Progessing Help
™ ﬁ % _" _,"| @ .:¢ = 413'_2 Raster Calculator... LML) = Cﬁ vith v
= = % = Align Rasters... i S
@\ 2 B R e e am
-, | B z o| gl b
‘g & .‘ﬁ el : 4 Analysis » “ 5% 2 B e
Layers 8 x Projections »
¢ (lwTa&>FADL Miscellaneous v | B guild Virtual Raster...
4 [7 [ mnr_32A1000 Extraction » W) Raster nformation..
225 i 4
B Conversion x | Merge...
h, Build Overviews (Pyramlds‘[.%
675 e :
B oo 8ol Tile Index...

The following window will open. Assembly is best done using a limited number of sheets. Above
10 sheets, the generated raster will probably be too large to use.

In this window, select the rasters to be assembled as input layers and select the output location
in the “Merged” field. Otherwise, the layer you create will be temporary, and will disappear once
the project is closed. Next click on “Run in Background”.

ol X

0 elements selected E
[] Grab pseudacolor table from first layer

[] Place each input file into a separate band
Output data type

|Float32 -

P Advanced parameters

Merged /

[Save to temporary file] E
Open output file after running algorithm

GDAL/OGR console call

1

gdal_merge.bat -ot Float32 -of GTiff -0 C:/Users/thean3/AppData/Local/Temp/
processing_4c6362fd56b14f7eb4d1220c673c4bd3/3f9bs7badeef4ddaae5022535b827cc1/OUTPUT .tif --optfile C:/
Users/thean3/AppData/Local/Temp/processing_4c6362fd56b14f7eb4d1220c673c4bd3 \mergelnputFiles.

| / | 0% Cancel

Run as Batch Process... Run in Backgroundl l Close ] l Help
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5.2.7 Clip Raster Data in a Given Sector
To clip a raster, first display the raster to be clipped. Then click on “Raster” in the main toolbar
and select “Extraction” then “Clip Raster by Extent”.

(@ *Untitled Project - QGIS I'e =
Project Edit View Layer GSettings Plugins WVedgr | Raster | Database Web Prqgasa’ng Help
3 = l% g _‘L| U 2 2 _,-»14%-3 Hate Clat o IEOS e B~ ~ Ly # T
4 Z Align Rasters... !
0, Y e B o faEg] g b -
aA@V. 4w e , b R e o - "»l [
T
Layers g x Projections r
o G wTE~BADO ) Miscellaneous >
4 [7 B it 3201000 Extraction * | clip Raster by Extent...
5 Conversion * W Clip Raster by Mask Layer...
450 1
Contour...
675 ®

The following window will open. The input layer is the raster you wish to clip. For the size of the
clip, click on the “...” next to the “Clipping extent” field. Next, select “Select extent on canvas” and
use the cursor to select the area to be clipped on your raster. Lastly, select the location for the
output file in the “Clipped (extent)” field. Otherwise, the created layer will be temporary and will
be lost when the project is closed. Lastly, click on “Run in Background”.

| Q Clip Raster by Extent |M

Parameters Log |
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| ER® mT_32410N0 [EPSG:2950] ||
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B Advanced parameters
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e rary file

+'| Open output file after running algorithm
GDAL/DGR. console call

Invalid value for parameter "Clipping extent’
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Run as Batch Process... |Run in Back.gruund| | Close [ Help
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5.3 ADVANCED FEATURES

Other products can be created from basic LiDAR derived products using territorial analysis. Both
applications previously mentioned (ArcGIS and QGIS) offer tools that can be used to generate
contour lines, convert rasters to polygons, fill lakes, delimit drainage basins (watersheds),
reclassify rasters, generate a focal CHM, generate a topographic wetness index, etc.

5.3.1 Create Contour Lines

To create contour lines, you will need one or more DTMs of the region for which you want the
contour lines. The DTMs should ideally be clipped or combined to obtain the desired area only,
since this will increase processing speed. Once the area is ready, click on “Raster” in the main
toolbar and select “Contour” in the “Extraction” tab.

(2 *Untitled Project - QGIS K
Project Edit View Layer Settings Plugins Vector Bagter] Database Web Progessing Help
. '-. B % _" _,"l @ ¢:¢, ® 2 ..’15¥__; Raster Calculator... . “_ U - e S -
L 5 Align Rasters... R -
T V (i WA B sk absl anp gl o
WPV A W : e , R ® 2
Layers g x Projections »
o [l & T ~B RO Miscellaneous »
4 [v| [ mir_32n1000 [ Extraction » W Clip Raster by Extent...
225 Conversion * | ™ clip Raster by Mask Layer...
450
| Contour...
675 & [

The following window will open. In this window, select the raster of your choice as the input layer
and select a location for your output file (the “Contours” field). Use the “Interval between contour
lines” field to choose the desired interval between the contour lines, then click on “Run in
Background”. A file containing the contour lines will be added to your table of contents.
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Thereafter, in the “Layer Properties” window (right-click on the layer title > “Properties”), you can
change the colour of the contour lines (“Symbology” tab in the side menu) and the altitude can
be shown by displaying the labels. To do so, click on “Labels” in the side menu, then choose “Single
labels”, followed by “ELEV” in the drop-down menu “Label with”. Next, click on “Placement” and
select “Curved” to make the labels follow the lines.
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5.3.2  Reclassify Rasters

To reclassify rasters in QGIS, you will need to use the GRASS GIS extension that is usually
downloaded at the same time as the QGIS application. It is important to open the version of the
application that includes this extension.

Programmes (8)

{5} QGIS Desktop 3.8.2

{5} QGIS Desktop 3.8.2 with GRASS 7.6.1

@ QGIS Browser 2.18.2

@ QGIS Browser 218.2 with GRAS57.0.5

¢ QGIS Desktop 2.18.2

0 QGIS Desktop 218.2 with GRAS57.0.5

,"" Ot Designer with QGIS 2.18.2 custom widgets
G Ot Designer with QGI5 3.8.2 customn widgets

If you do not have the extension, you can download it here: https://grass.osgeo.org/download/.

Once the application has been downloaded and the correct QGIS version is open, you can access
the GRASS toolbox in “Processing Toolbox” (main toolbar >“Processing” > “Toolbox”). Otherwise,
click on “Options” in the “Processing Toolbox” taskbar.

Processing Toolbox : & X
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B Py i @ @ @ T C = Seart
NeBRGEE % PA BP0 Q¥ e o | O seo —
‘! @ V f - » T 7 L Graphical Modeler... Chrl+Al+M = ecently use
o I R TRy i Ao e Lol (O pistory. Al | @ Hnchade
e B 8 . 1 Results viewer Qrl+Alt+R . f Slope
@ wTY = i Cartography
|¥| — Conto... Database
a ' L3 File tools
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Layer tools
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Raster terrain analysis

. (2 Raster tools
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In the new window, select the “Processing” tab, followed by “Providers” and “GRASS”. Make sure
the “Activate” field is checked.

» Options — Processing

Setting Value
3 General
b= Menus Reset to defaults
v ¥ Models
- Providers
~ 4% GDAL
Data Sources ;& Activate v
* @ GRASS /
Rendering @ Activate v

s e & For raster layers, use r.external (faster) instead of r.in.gdal

@ For vector layers, use v.external (faster) instead of v.in.ogr

.,I Map Tools % Location of GRASS docs https://grass.osgen.org/grass7o/manuals/

_ @ Log console output
% Colors

@ Log execution commands
B oigitizing v & oTB
. * & SAGA

Layout
ﬂ ayouts & Activate
i§ GDAL @ Enable SAGA Import/Export optimizations

@ Log console output

< s & &

Variables @ Log execution commands

r A Scripts

a Authentication

T Network

Locator

A Advanced

Acceleration

OF; Cancel Help

In the GRASS toolbox, click on Raster (r.*) and then on “r.reclass”. The following window will
open.

In this window, select the input raster in the “Input raster layer” field. You must also indicate the
reclassification rules, which can be applied either by importing a document containing the
reclassification rules in the field “File containing reclass rules” or by entering them manually in
the “Reclass rules text” section. Lastly, in the “Reclassified” field, select the location for your
output file, so that it is saved and click on “Run”.
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Q r.reclass

L5

Parameters Log

Input raster layer /

[' MNT_32A10NO [EPSG:2950]

=

File containing reclass rules [optional]

Reclass rules text (if rule file not used) [optional]

=

Lthru300 =1 /
301 thru 400 = 2
401 thru 500 = 3
501 thru 600 = 4|

P Advanced parameters

Reclassified

%

Open output file after running algorithm

[Save to temporary file]

4

r.reclass

Creates a new map layer whose category
values are based upon a reclassification of
the categories in an existing raster map
layer.

| 0% Cancel

[Run as Batch Process...

Run ] l Close ] [ Help

Your raster, with the new classification criteria, will be displayed on the screen. In the above
example, the DTM values will be reclassified into four categories, based on altitude.

53.3

Convert a Raster Image to Vector Format (Polygons)

Converting a raster image to vector format allows LiDAR data to be used with certain types of GPS
devices that are unable to read raster files. Firstly, make sure that the area of interest has been
clipped as this is a very time-consuming procedure (see section 5.2.7). In addition, we recommend
reclassifying the raster (see section 5.3.2) so as to avoid producing a polygon for each pixel, which

would make the layer too big to use.
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To convert a raster to polygons in QGIS, click on “Raster”
“Conversion” and click on “Polygonize (Raster to Vector)”.

in the main toolbar, then select
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The following window will open. The “Input layer” is the raster to be converted to polygons. In
the “Vectorized” field, select a location to save the layer permanently. Click on “Run in
Background”. You will obtain a file similar to the image shown below.

Q Polygonize (Raster to Vector) M

Parameters Log
Input layer
| I Reclassified [EPsG:2050] & v ]

Band number

|Band 1 (Palette) - |

Mame of the field to create

DN

Use 8-connectedness

Vectorized
[Save to temporary file] ¥ E]
Open output file after running algorithm

GDAL/OGR console call

gdal_polygonize.bat C:fUsersfthean3/AppData/Local/Temp/
processing_cf94fdaf20de4438a628f8falba7f55b/7c9a6c849a304394a388cd72d4e75dbf/output.tif C:/f
Users/thean3/AppData/Local/Temp/processing_cf94fdaf20de4438a623f3falb97f55b/
224ec00405854ab78544062f7179ccl4/OUTPUT.shp -b 1 -f "ESRI Shapefile" Hone DN

| ‘ 0% Cancel

lRun as Batch Process... IRun in Backgrounﬁ [ Close ] l Help l
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To open the new layer’s attribute table, right-click on the layer title and on “Open Attribute
Table”.

G2 *Untitled Project - QGIS

Project Edit View Layer Settings Plugins Vecior Raster Database MWeb Progessing
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Layers & %

v Bl vectorized !
b [ [ Rectassif 12 Zoom to Layer
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4 [V [ mn_32n Y Show in Overview
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Show Feature Count
Copy Layer
Rename Layer

L. Duplicate Layer
[l Remove Layer...

4

L

Open Attribute Table
#/ Toggle Editing
Eilter...

If you want the table to be included in your project window, click on “Settings” in the main toolbar,
and then on “Options”. In the new window, select “Data Sources” and check “Open attribute table
in a dock window”.
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5.34 Create a Focal CHM

A focal CHM can be created from a CHM. The focal CHM better indicates the maximum canopy
height value for coniferous trees, making it easier to interpret stand height. However, the focal
CHM artificially expands canopy diameter and thereby significantly overestimates cover density.

To create a focal CHM, start by adding the desired CHM to the project’s table of contents. Next,
in “Processing Toolbox” (main toolbar > “Processing” > “Toolbox”), select the GRASS box (see
section 5.3.2 to install the GRASS extension if necessary), then click on “Raster (r.*)” and
on “r.neighbors”.

The following window will appear. First, select the CHM you want to use as the input raster (“Input
raster layer”). Next, select “maximum” in the “Neighborhood operation” field, enter “3” in
“Neighborhood size” and check “Use circular neighborhood”. Lastly, select a file location to save
your output focal CHM (the “Neighbors” field) and click on “Run”. The circular option may not be
available in some versions of QGIS, meaning that you will obtain a focal CHM with square
canopies.
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After processing, you will obtain a raster similar to the following image.

Standard CHM Focal CHM

s L

5.3.5 Topographic Wetness Index

Another tool that can be created using LiDAR products and QGIS is the topographic wetness index
(TWI1), which is used to view areas having a potential for high moisture retention capacity. To do
so, you must first have installed the “SAGA” extension.

The SAGA file can be downloaded here: https://sourceforge.net/projects/saga-gis/.

CEFORGE

Open Source Software Business Software

S EEE

* % % Ak Downloads:

Download [ Share This

Linuex

The SAGA toolbox can be found in “Processing Toolbox” (main toolbar > “Processing” >
“Toolbox”). If not, click on “Options” in the “Processing Toolbox” taskbar.

The first step in creating a TWI is to fill depressions in the digital terrain model. To do this, select
“Preprocessing > Fill sink XXL” (see section 4.2.5).
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Next, in the “Processing Toolbox” taskbar (main toolbar > “Processing” > “Toolbox”), select
“SAGA”, then “Terrain Analysis-hydrology” and finally, “SAGA Wetness Index”.

The following window will open. In this window, you must use the filled DTM raster completed in
the previous step in the “Elevation” field. Next, select “absolute catchment area” in the “Type of
area” field, and “local slope” in the “Type of slope” field. Lastly, you must select locations to save
the four output files (“Catchment Area”, “Catchment Slope”, “Modified Catchment Area”, and
“Topographic Wetness Index”). This will generate a TWI similar to the following image, once the
colours have been changed. Please note that this process is very long and modelling should be
limited to the area of interest.
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6 CONCLUSION

This document is intended to help with the use of products derived from LiDAR data. For
comments or to suggest improvements, please contact the Direction des inventaires forestiers:

Inventaires.forestiers@mffp.gouv.qc.ca
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