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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. These benefits have already been demonstrated
(Leboeuf et al., 20152). 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 Ministere 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 to help clients to use these derivative LiDAR products.
It presents the products, as along with techniques for their use and transformation.

! LiDAR : Light Detection and Ranging
2 Accessible online : http://www.mffp.gouv.gc.ca/publications/forets/connaissances/Analyse retombees

LiDAR-Finale.pdf)



http://www.mffp.gouv.qc.ca/publications/forets/connaissances/Analyse_retombees_LiDAR-Finale.pdf
http://www.mffp.gouv.qc.ca/publications/forets/connaissances/Analyse_retombees_LiDAR-Finale.pdf
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1. Derivative Products

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

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 Transverse Mercator

Production method Processed using Lastools, R, Gdal and ArcGis
Data-viewing software ArcGis, 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 raster’s spatial resolution is 1
metre.

A DTM is a basic product derived from LiDAR. It serves
primarily to create Shaded Relief and Slope Analysis. It is
also used for hydrological models, road construction, flood
risk management, visual landscape analyses, and so on.

1.2. Shaded Relief (Hillshaded Digital Terrain Model)

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 gray associated with
integers from 0 to 255 (from black to white). The spatial
resolution of this raster is 2 metres.

A Shaded Relief presents a very detailed image of the
terrain and can be used for interpretation of surface
deposits, drainage, wetlands, etc.
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1.3. Canopy 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.

The CHM can be used to measure height, density and stand
structure, and to construct statistical relationships in order
to map volumes, land surfaces, 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 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
Parc des Laurentides showed an underestimation of
-0.98 meters 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 the
adjustment associated with the data set.

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 lower 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).
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3. Finally, it should be noted that expertise is required
to integrate tree heights into the polygons derived
from a CHM. 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: 95t
percentile, modal height, etc.).

1.4. Slope Map (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 (3 to 8%), C (8 to 15%), D (15 to 30%), E (30-40%), F (40-
50%), X1 (50-70%), X2 (70% and +). The spatial resolution of
this raster is 2 metres.

The slope map can be used as a support tool for forest
operations or the construction of roads and trails.
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2. Availability of LiDAR Derivatives Products

The first areas benefiting from these products in 2016 are the Saguenay-Lac-Saint-Jean
region (UA 024-51), the Mauricie region (UA 041-51) and the entire Outaouais region.
For information on the areas for which products will be released in the future, please
see the LiDAR planning map derivatives availability calendar, at:

ftp://ftp.mrn.gouv.qc.ca/Public/DIF/Diffusion/LiDAR/Disponibilite_produits derives LIDAR.pdf

| o s

Figure 1. Planned availability of LiDAR derivatives products



ftp://ftp.mrn.gouv.qc.ca/Public/DIF/Diffusion/LiDAR/Disponibilite_produits_derives_LIDAR.pdf
ftp://ftp.mrn.gouv.qc.ca/Public/DIF/Diffusion/LiDAR/Disponibilite_produits_derives_LIDAR.pdf
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3. Access to LiDAR Derivatives Products

These products are available, free of charge, via the interactive map showing
ecoforestry data for Quebec, supported by the open geographic infrastructure, known
by its French name Infrastructure Géomatique Ouverte (IGO).

Through the map, users can view the shaded relief model and download, free of
charge, the basic derivative products, as listed above. To do this:

1. Access the interactive map: http://geoegl.msp.gouv.qc.ca/igo/mffpecofor/.

2. Double-click on the option "Produits dérivés de base du LiDAR”.

3. Check the box to the left of "Téléchargement des produits dérivés de base” in
the menu.

4. Query the layer, using the upper menu button (@ "Information et
téléchargement” to access the free download links.

It is also possible to download these products directly from the Données Québec
website (the Québec Government’s collaborative, open data Internet portal). To do this:

1. Consult the Données Québec fact sheet of basic LiDAR derivatives:
https://www.donneesquebec.ca/recherche/fr/dataset/produits-derives-de-

base-du-lidar;

Option 1
1a. Download the file “URL par feuillet” in csv format.

1b. Open the file using a program similar to Microsoft Excel, in order to access the
free-download links.

Option 2
2a. Download the file “URL par feuillet” in shapefile format.

2b. Open the file using a GIS (e.g. QGIS), in order to access the free-download links.

The document also contains other useful information pertaining to the use of these
products, such as metadata (year of acquisition, point density and presence of leaves).



http://geoegl.msp.gouv.qc.ca/igo/mffpecofor/?id=47cf3e11ab
http://geoegl.msp.gouv.qc.ca/igo/mffpecofor/
https://www.donneesquebec.ca/recherche/fr/dataset/produits-derives-de-base-du-lidar
https://www.donneesquebec.ca/recherche/fr/dataset/produits-derives-de-base-du-lidar
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4. Basics of Using Raster Data

This section presents several basic manipulations to facilitate the use of LiDAR data.
These manipulations are based on the commercial software, ArcGIS. While the
techniques can all be applied with other software, including QGIS, the proposed
symbology will not work with these other programs.

4.1. Visualizing Raster Data

When the products are downloaded, you can open the files in GIS software, such as
ArcGlIS, by pressing the "add data" button. ¢,

Once the “Add Data” dialog box appears, select the ".lyr" file.

[ Ajouter des données @
fooarder [ su12e el @ E-eEos
8 MHC_31112NE.tif

5 MNT 3112 NE.tif

* MINT_31IL2ME. byr

{5 MNT_Ombre_31112NE.tif
*MMNT_Ombre_3102ME.Iyr
i Pentes 31N 2NE.tif
*Pentes 31TL2ME.lyr

Nom : MHC_31112NE.lyr

Affichage de
type

Jeux de donnees, couches et résultats v] [ Annuler ]

You can then start work. The symbology we have proposed will appear.
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.»ma a0 T E T e
Fichier Edition Affichage Géosignets Insérer  Sélection  Géotraitement  Personnaliser Fenétres  Aide
DSES | 8 x [0 b e (ARSI
Raneies s

LS

sy gl [arferses & |

o
o

TOG, 097 S174784,611 Metres

4.2. Adjusting Symbology and Choosing Classes

If you want to modify the proposed symbology, right-click on the layer to select its
properties. The following dialog box will appear.

| Général | Source | Métadennées clés | Etendue | Affichage | Symbologie | Temps |

Afficher: IAﬂ"ldler le raster avec les valeurs groupées par classes @
Champ vectoriel
Champs
Etiré -
Couleurs disrates Valeur | <VALEUR = | Normalisation | <Aucun > A |
Classification
Manuelle c|agsesl32 v] [ Classer... ]
Dégrac e coukeurs - -
Symb... FPlage Etiquette it
-10,67000005 -0 a @
n-1 0-1
1-2 1-2
I -5 s
— E =

Afficher les bornes avec les valeurs

des cellules Afficher NoData en tant que

Utiliser l'ombrage r B

A propos de la symbologie

[ ok | [ s | [ Aopiguer |

Click "Classify ..." in order to change the value of the class breaks.
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[ afficher I'cart type

Classification (23w
Classification Statistiques de dassification

Méthode: | Manuelle i ] Total: 35176577
Classes: 32 Minirnum: -10,67000008
dusion de donné Maximum: 32,18000031
Bl s Somme: 101426 529,6
Colonnes: 100 (= Mayenne: 2,88335418
Ecart type: 3,917351802

|| afficher la moyenne

Valeurs des bornes

-

a
1
15000000" cv'r'ﬂ:."uu'r_'dcCrfO!HUFDUFFggF?gFgE% 2 =
3
10000000+ DS N
[
50000004 7
3
9
n | 10
-10,67000008 0,042500019 10,75500011 2‘1,457'5[][]21 32,‘1Bd0003 11 i
[ capturer les bornes sur les valeurs des données 753 éléments dans la dasse
[ oK ] l Annuler ]

You can save the new symbology by right-clicking on the image and choosing the option
"Save as layer file". You can then import this new symbology using the "import" icon.

-

Propriétés de la couche
| Général | Seurce | Métadonnées clés | Etendue | Affichage | Symbologie | Temps |
Afficher: fficher le raster avec les valeurs é la
groupées par classes
Champ vectoriel |A @
Valeurs unigues
E_ Champs
Etiré . Valeur <VALELIR Normalisation <AuCUn =
Couleurs discrétes A = -
Classification
Manuelle Classes[32 v] [ Classer...
Dégads e coeurs - T -
Symb... FPlage Efiquette J
-10,67000008 - 0 0 E
0-1 0-1
1-2 1-2
— - -
Afficher les bornes avec les valeurs
O des cellules Afficher NoData en tant que
Utiliser l'ombrage 7. 1
A propos de la symbologie
[ QK ] ’ Annuler ] ’ Appliquer ]
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4.3. Creating a Transparent Layer of a DTM and a Hillshade

A combination of DTM and Hillshade can be used to interpret certain terrain features.

To create this product, you must first modify the DTM’s symbology. To do so, right-click
on the layer to select its properties.

Next, select a colour ramp and set the custom settings in accordance with the raster’s

minimum altitudes, other than 0 (which is usually no data).

Propriétés de la couche @
|Géné|a| I Source I Métadonnées clés I Etendue I Affichage | Symbologie |Ternps|
Afficher: l\laleurs d'étirement le long d'un dégradé de couleurs @
Champ vectoriel
Valeurs unigues e
Classé &
Dégrc e o
Couleurs discrétes couleurs = v
Afficher la valeur
d'arriére-plan : o _ is
Utiliszr I'amhb 7:[1 Afficher MoData en tant
[ utiliser 'ombrage que
Etirer
Type : [Emrts types Vl Histogrammes
n 2,5 [ Irwverser
[] appliquer I'Etirement gamma : 1
Statistiques
’Des paramétres personnalisés (cd-dessous) ']
Statistigues
b ek . B
A propos de la symbologie Max : 637,75000976563 oo 0 o
Moyenne : 453, 28904474748 | | A partir de graphigues =
[ DK ] [ Annuler Appliquer

Next, go to the "Display" tab and apply a 50% transparency.

10
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Proprigtés de la couche E

| Général | Source | Métadonnées diés | Ftendus | Affichage | Symbologie | Temps |

Afficher les info-bulles
Afficher la résolution du raster dans la table des matiéres
Autoriser I'affichage interactif de la barre d'outils des effets visuels

Ré-Echantillonner en cours d'affichage avec:

|vaisin le plus proche (données discrétes) -
Ortharectification
Contraste:
0 % [] ortheorectification avec altitude
Luminosite: 0 % (@ Altitude constante: IC

Transparence: MMNA I@ MNT_Ombre_ 3111 2ME. tif j |E|

Ajustement de |'altitude

Quallte d aFﬁchage Fartar 7 D
Brouillon  Moyenne Mormale

GeEoide; |

ok [ Amder | Aepiguer |

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

Q) TS - Avclap
Fichier Edition Affichage Géosignets Insérer Sélection Géotraitement  Personnaliser Fendtres  Aide
DeE& e ST (e EEEEO ey
R M@ e» -5 k@ ZIAEST R
Tabie des matieres L : ¥ (i =
Elaesw

==
© B MNT_SLZNESE

Valeus
i Flrvée:£33,660

Faible: 0

s ] [onSoren

= B MNT_Ombre SLILINELT
Valeur
Elevee: 255

Faible : 1

M=o o]
TI1TIAL3 5174773042 Metres

11
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4.4. Regenerating Shaded Reliefs

The proposed shaded relief was conceived with ArcGis’s default azimuth value of 315
degrees. In some cases, depending on the direction of the glaciers, it may be pertinent
to generate a shaded relief at another azimuth to bring out the relief of certain
structures, such as eskers.

To generate another shaded relief, you must add the DTM to ArcGlS.

Open the image analysis window by clicking on Window/Image Analysis.

Analyze d'image O =
o
<& MNT_31112NE. tif

[] < MNT_311125E. i
<& shadedRelief MNT_31112ME. tif

] m b
E2|

Afficher =
D I 0
I 0
B [ 0
Y I 1,00

[CoraA Crienté vers le haut

[] Arrigre-plan

[Puurcenmge de découpe '] h

['I.n'oisin le plus proche v]
dF B o
Traitement =
W ¢
S U

- - ra

Fusionner

Affinage - ] s

Mesures =]

[ . - . - ==

12
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When the window appears, check the DTM to be edited, select the desired colour

gradient (black and white in the example) and press the "Shaded relief:" icon.
The shaded relief will appear in ArcGIS

To change the azimuth of the shaded relief, right-click on the newly-generated layer.
Then click on the layer properties and select the "function" tab.

Propriétés de la couche @

| Général I Source I Métadonnées clés I Etendue I Affichage I Symbologie I Temps | Fonctions |

Chaine de fonctions
=) xffdd38a7_ef1f 4d4c_Schc_14chofabeds7yl.afr
El_,@; Fonction Relief ombré

----- 8 MNT_31112NE. Hf

[ QK J [ Annuler Appliquer

Then, right-click on the shaded relief function and click on Properties.

13



The following window will appear.
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=

Propriétés de fonction raster

Général | Relief ombrs | Informations de sortie I Métadonnées clés

(e

Raster en entrée :

Combinaison de couleurs

F1L12ME. if

i@ Dégradé de couleurs

=

() Palette de couleurs

- -

(] supprimer I'effet des trongons

Azimut : 320
Altitude 4c
Mise a l'echelle : ALICUM
Facteur £ : 2
Puissance de |a taille de pixel : | 2554
Facteur de |a taile de pixel : | 0,024

| oK

] [ Annuler

You can therefore change the azimuth and the Z factor. It is recommended to set the Z

factor 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°.

14
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ol AL
| Steep slop

FIGURE 3. Shaded relief at 320° of azimuth and a Z factor of 2

A southern azimuth angle (e.g. 180°) should not be used, because the topography will
be reversed, as in the following example.

15
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FIGURE 4. Shaded relief at 180° of azimuth (south)

4.5. Assembling Several Rasters

To assemble multiple raster images together, you can use the "Mosaic to New Raster"
tool. Assembly is best done using a limited number of sheets. Over and above 10 sheets,
the generated raster will probably be too large to use.

16
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]
i
H

& _
“, Mosaique vers nouveau raster

*

Rasters en entrée

L]

[ B[+ B

E:\LiDAR \Région04\3 11 12MEMNT_31113ME. tf
E:\LiDAR \Région04\3 11 12SE\MNT _311125E. tif

Emplacement en sortie
E:\temp

)

Mom du jeu de données raster avec l'extension
test, tif

Référence spatiale du raster (facultatif)
Morth_American_1983_Transverse_Mercator

Type de pixel (facultatif)
32_BIT_SIGMED -
Taille de cellule (facultatif)

Mombre de canaux

Opérateur de mosaique (facultatif)

MAXIMUM -
Mode de palette du mosaiquage (facultatif)
FIRST| -
I CK I I Annuler J I Environnements I l.ﬁ.fﬁmerl'aide ==

1. Name of the raster dataset with the extension: select the .tif images
and not the .lyrs.

2. Raster spatial reference (optional): the reference for one of the data
layers can be selected.

3. Pixel type (optional): Select 8 BIT_UNSIGNED for Shaded Relief and
32_BIT_FLOAT for the rest.

4. Cell size: Select the desired resolution (1 m used in this example).
5. Number of channels: Select 1;

6. Mosaic operator (optional): Select "maximum" since the overlapping pixels are
generally similar. However, other types of operators would have little impact.

7. Mosaic palette mode (optional): Select "first".

17
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4.6. Clipping Raster Data in a Given Sector

To clip a raster, first display the raster to be clipped.
Then select Customize/Toolbars/Draw.

Use the rectangle tool to create a rectangle for clipping.

Q TPS - Archap T o Tl

Fichier Edition Affichage Géosignets Insérer Sélection Géctraiternent Personnaliser Fendtres  Aide

DSBS % B8 x|m P 12500 c ] DEEE O $e g e[k Ol A - = i aae =10 = B T |[Anaysedimage ox
Qameiles - 5ke e~ b Pl 2 LT Rectngie 2
Table des matieres 2= 3 Dessane un reclangle. Maintenez e [§ Shacecgietet MNT_IIT1Z0E. o |
EEELT 8 boulon MAl lorsque vous faites MAT_Oriwe_3112NE.bF o
@ ghsser 1s sours pour créer un ¢ BT _31 10 5 y
==} e, d B MNT_311 15 o 2
© O ShadedRelel_MNT_3102) o = ; <
e i s @
M FRouge: Band 1 | afficher 8| |=
1 Vet : Band 2 3 g
M Beu: Band 3 it ] H
@ B MNT Ombre JLLINELF 1} 0 ]
© O MNT_31LZNELif s
Valeur
Elevie : 637,16 i w5
G 1 R . . Dita Crienté vers be haut
Faible : 5 - £ ! D husiere vhan =
= 0] MNT 30256 (Ecart type -]
Valeur e L e it Virsan e phus proche: -
Elevie - 608,15 | ; o - yigr - !
b - R / 7 T M 32 3 o w
Faible + 0 . B, ! v i 7 e ; AT i - =
‘Bl RS -
y & B
- &
Fusiorner ~ "
Alfnace = %
Hesares El
- " = -
|- Vs -
“ i O LK i J '
TZITSAT SLIGAE1,596 Metres

Open the image analysis window by clicking Window/Image analysis.

18
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In the Image Analysis window, click on the Clip tool.

Analyse d'image O =
[ 4 shadedrelief MNT_31112ME.tf
<& MNT_Ombre_31112NE. tif

[T €8 MNT_31112NE. tif
[] € MNT_311125E. tif

| I | »
— E1N
| Afficher =
>y { 0
{} 0
B 0
Y {} 1,00
[|DRA Crienté vers le haut
[] Arrigre-plan
|Ecart type | M
['u'oisin le plus proche v]
OO =
| Traitement =

Découper

Utilise I'étendue de la vue de
données ou un graphigue ou
une entité surfacique
spécifique pour découper
une portion des couches
sélectionnées, puis créer une
couche temporaire pour 1=
chaque sélection.

19
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Lastly, right-click on the clipped image and then on Data/Export Data.

Exporter une couche raster - Clip_MMNT_Ombre_3102ME tif

=

{1-100):

A propos des données des rasters exportés

Etendue Reéférence spatiale
(71 Bloc de données (courante) )
@) Jeu de données raster (initial) e
Graphigues sélectionnés Découper & (@ Jeu de données raster (initial)
(découpage) [intérieur
Raster en sortie
[ utiliser le moteur de rendu [ carré Taille de cellule {cx, cy): @ 2 2
Forcer RVE Taile du raster {colonnes, lignes): ) | 535 458
tilizer la Palette de couleurs MoData en tant que: ¢
Mame Property i
Canaux 1 =
Espace par pixel 3 Bit =
Taille non compressée 262,10 KB
Etendue (gauche, haut, droite, b... {298528,0000, 5170914,0000, 299700,0000, 5169993,0000) ™
1| 1] [ »
Emplacement: Ez}
MNom: Clip_MNT Ombre_3  Format: ['I'IFF - ]
Type de compression: NONE Qualité de compression 75

Annuler

-
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Conclusion

This document provides assistance for the use of products derived from LiDAR.
However, it covers only some of the many possible manipulations. More complete
versions will be published in the future. If you have comments or suggestions for
improvements, please contact the Direction des inventaires forestiers.
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