
LiDAR Primer – What is it and how can it help me

LiDAR - Description

The easiest way to characterize LiDAR vs traditional air photos is to compare the difference between a picture and an

X-Ray. The picture lets you see the surface of an object, while an X-Ray shows you what is under the surface. Similarly,

LiDAR will show users what is there between the top of the canopy and the ground.

At this time, the provincial government is committed to flying the entire province with LiDAR to help with resource

management. A brief description of the program is available at LidarBC - Province of British Columbia (gov.bc.ca) while

the website which shows the areas flown and areas processed is at LidarBC - Open LiDAR Data Portal (arcgis.com).

The government data comes in tiles which cover approximately 250ha. Each tile has approximately 90 million points.

This raw LiDAR data comes in the form of .LAS files and forms the point cloud from which a variety of “derived products”

can be generated. LiDAR derivative products will be discussed below. At the moment the only derived layer available is

the Bare Earth.

Reading the government literature it appears that they are collecting at 8 pulses/m2 which is good for relatively benign

terrain and/or stands with limited overstory, but can be limiting in challenging terrain or areas with dense canopy cover.

Given all of that, you may wonder how the government arrived at 90 million points per tile. Each pulse delivered can

give multiple returns which are then used to map canopy and ground layers.

Collection

LiDAR is collected using a number of means, usually depending on the size of the project and the terrain.

- Aircraft are used for large projects, with helicopters being more effective in mountainous terrain and fixed wing

being less expensive and used where the terrain is more uniform. Units mounted under aircraft will cover

hundreds of hectares in an hour and are efficient when covering landscape level areas.

- Drones are used when the application is at the cutblock or small watershed scale. A number of contractors are

beginning to offer this service. This method can generate very detailed images of smaller areas. There is also

emerging technology using drones capable of flying under the canopy but this is not commonly available at the

moment.

- Terrestrial based units can be set up for imaging individual plots and can generate detailed stem and canopy

models. This can be useful when trying to characterize the whole environment under canopy and may be used

for timber cruising or habitat assessments.

Process to Acquire

- With any of the systems, the process is effectively the same. The location of the sensor is established using a

high end GPS. The sensor sends out a series of laser pulses which bounce back from any surface that they

hit. The distance from the sensor to the surface that the pulse bounces off of is measured to establish that

there is something there. Each pulse can generate a number of returns so processing the data after

collection is a big part of the cost.

- The location of the surface which generates a return is then calculated to varying degrees of precision

depending on the system and the scale of the project. Aerial LiDAR will typically be accurate to within 10cm.

All of the returns are put together in the point cloud to form an image of what is there.
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- Sensor performance suffers when there is moisture present – either in the air or on the ground. They do not

work at all when there is snow on the ground.

- Similarly performance is impacted by smoke or other airborne particles that would intercept the laser light.

Key Quality Measures

- The key measurable for the quality of the LiDAR product is pulses per square metre. The higher the number

of pulses the higher the resolution of the image that is generated. Secondary to this is ground returns, which

are of particular interest when LiDAR is collected because this is what gives users information about the

underlying terrain or Bare Earth. Bare Earth is the most difficult feature to measure because there are often

multiple layers of vegetation covering the ground. Low ground return numbers show up in areas where

there is a thick canopy. Bare Earth models derived from the areas of high vegetation, will look less detailed

because there is less information to use to generate the image.

- A second key quality issue is uniformity of coverage during collection. This is where a helicopter does a

better job than a fixed wing aircraft because they can turn and fly over areas again if there is a hole in their

data. Fixed wing moves faster and is less likely to circle back.

Raw LiDAR Data – The Point Cloud

The collection process generates a huge number of data points which make up the point cloud. This is literally

just the individual points that get returned and calculated after bouncing off of a surface and being collected by

the sensor. The point cloud can be filtered into broad categories of data in order to start making some sense of

it. Typically you will see:

o First points to return – This is the top of the crown in forested areas or bare earth where there is no

forest cover.

o Last Return – This will always be the ground layer

o Intermediate Points – These can be filtered at various levels between the First and Last returns to

show crown structure and the presence of understory vegetation.

Air Photos are also collected at the same time as the LIDAR points. They are used to help process the LiDAR data

and interpret the results. The photos are not always processed for delivery as a usable product so they are not

always available for end users.

Limitations of LiDAR

While it is a transformative technology for the forest industry there are some limitations to LiDAR in how it is

used. It is a snapshot in time however the vegetation does change over time. The underlying terrain does not

change much. LiDAR does not replace boots on the ground when it comes to doing detailed layout of roads,

forest assessments and other operations. However it is very effective in targeting options and finding details that

are commonly obscured by vegetation and allows field crews to quickly focus on areas of particular interest.

Following major events such as significant erosion or wildfire it may be necessary to fly areas to update

important information. Hopefully this is done at a smaller scale and the new data added to the old.

Think of LiDAR as a fish finder for forestry. You can see what is there at a level of detail previously unavailable.

You still have to do the work to get the hook in, but you know where to look and how deep to go.
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LiDAR Derivatives – Mapping Layers derived from LiDAR

Once the LiDAR data has been collected it is used to generate usable layers which are commonly referred to as the

“Derivative Products”. Derivative products are mapping layers which show key features of the landscape and forest

cover. These derivative products can be shown in commonly used GIS programs just like any other layer information..

Typically there are a number of standard derivative products that are generated and used.

Starting at the bottom we have Hill Shade or Bare Earth. This is the ground surface as measured by the Last Returns.

This layer is very useful in identifying features on the ground such as:

o Streams – Linear features such as streams show up very clearly

▪ Gullies

o Precise Location of Existing Roads

Experienced users can also identify a number of other surface features such as

o Karst Features (i.e. sinkholes)

o Terrain features located under the canopy such as:

▪ Rotational slumps or areas of soil creep

▪ Ancient Fans or other deposits such as eskers which may lead to gravel seams

▪ Boulder fields

o Man made features such as

▪ Ancient village sites or pit houses

▪ Trails or other older man made features

o General hill shape

▪ Benches

▪ Draws

▪ Surface Features

Identifying these features or areas can be useful in mapping, planning and targeting field work to review.

Bare Earth models can also be further refined to generate more detailed layers such as:

- Accurate Contours – rather than being interpreted from air photos, contours are generated by joining

together points with the same elevation. This eliminates human error and creates very accurate contours.

- Hill Slope (% Slope) – the detailed measurements of the ground elevation provided through LiDAR enables

GIS systems to determine and map ground slopes very accurately. Areas of similar slopes can be grouped

together at different scales into user specified slope classes. These slope maps are used to assist with safety

management and harvest layout. This can be rendered at different scales (ie 1:20000 for Strategic Planning

vs 1:5000 for Operational Use) to give information appropriate to the desired precision.

- Identifying Steep Slope Areas requiring a safe work plan for Worksafe BC.

- It is also possible to identify the aspect of hillsides on a large scale area. This can be used in identifying

Wildlife Habitat Areas or areas which may be particularly prone to wildfire.
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Beyond (or above) the Bare Earth comes the vegetation layers

- Of principal interest is commonly the Tree Height layer which shows the difference in height between the

first return (top of the tree) and the last return (ground). Tree height is used to estimate volume and value.

- Stand density can also be measured and shown as a layer for mapping basal area. Stand density when

combined with tree height, also gives an indication of the diameter of the trees. Neither stand density nor

basal area are measured directly by LiDAR but can be calculated based on the measured characteristics.

Similarly basal area can be determined through calculation.

- Mapping of individual tree crowns can be used by isolating the point clouds associated with individual trees.

Mapping of point clouds for individual trees can be used to:

o Identify tree species if work has been done to model crown shape when combined with RBG

spectrum. RBG is the analysis of the light spectrum reflected off of the vegetation and can identify

individual tree species by their light fingerprints.

o Assess forest health and canopy conditions - returns from a tree with a thinning crown is different

from a healthy crown.

o Calculate Canopy Bulk Density - Helps in predicting fire behavior

The derivative layers get displayed in a GIS system and help plan forest management activities.

Beyond the Mapping

Beyond simple mapping there are a number of applications for LiDAR information that go beyond the basic

mapping tools and can help with detailed operations as well. RoadEng has proven to be very powerful in

working with LiDAR data sets, which is remarkable given how long it has been around. The LiDAR data can be

imported into Roadeng to do a number of functions that save time and money, and can improve safety for field

operations.

Working with Point Cloud data in RoadEng – Things that you can do – Now and in the Future

- Generate .ter/.tin files to 3D model areas of interest

o 3D Models can show natural drainage, height of land for hydrological detail

- Run a series of deflection lines and generate a D-line package

- Run a road profile/projection – either on a projected road or on laid out road(s)

o Provides detailed cut and fill analysis

o Accurate Side Slopes every time

- Locate and Profile the location of a stream – fast and accurate and a useful tool to identify gradient reach

breaks

- Visual Analysis – VQO assessments can be done by combining first return (tree top) and bare earth data sets

o 3D models can have OrthoPhotos draped across them for realistic renderings of viewscapes

- Generate contours at any level of detail desired from 1m contours on a small area to 20m contours at the

landscape level.

- Assist with layout by being able to pre-plan better and allow for detailed review once the field work is
completed.

- The 3D model helps to find and maintain natural drainage patterns.
o Can generate borrow and waste; favourable and adverse grades of road design.
o Can be used to overlay ortho images and generate real life renditions of view scapes.
o Can be used to check layout crews work; IE: we sent back a crew once because the LiDAR illustrated

that they laid out too steep of adverse. LiDAR was correct!
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Evolving and Near Future Applications:

- Inventory Support – using computer analysis to determine volumes, grades etc across the landscape.

- Tree Species Identification

o Point Cloud Analysis to identify trees by the shape of their crown

o Crown Mapping

o RGB analysis (Using sensors and Air Photos to analyse reflected light as a way to identify tree Spp.)

- Assist in Habitat Identification

o Identify slope and stand characteristic that are favorable for specific habitat and then ID other areas

- Forest Landscape Planning and Total Chance Plans are significantly improved through the skilled use of LiDAR

- Other applications are being developed all the time as data becomes available.

Why is it important to know how to use LiDAR or to know that your contractors are using it

Many licensees know their land base intimately and may ask why LiDAR is of value to them. LiDAR supports your

knowledge of plans and maps which other users – contractors, consultants, MoF, and public – can make use of.

LIDAR can improve costs for various surveys and analysis by focusing field crews on key features, rather than

walking to learn the area. LiDAR shows where things vary and allows the people doing the work to focus their

attention on the areas that really need their attention, rather than trying to find the critical places in the first

place.

LiDAR gives broad coverage and provides information across a large area ensuring that one generates a

complete picture of resources and challenges present on the landscape. Options and opportunities can be

quickly identified in the office and targeted for more detailed review on the ground. The likelihood of missing

something decreases when you can identify areas of interest to specifically review without having to search for

them.

There are a number of details that are now available using LiDAR and its derived products. Accurate contours

and the ability to calculate slope down to small (1mx1m) areas gives planners the ability to plan safer operations

at a level previously unavailable. Being able to see the terrain under the canopy shows an experienced user

ground features aiding development, harvest and management process at the landscape level.

New and developing applications such as the ability to enhance the current inventory process or even to create a

new process based on LIDAR will solve a number of problems currently plaguing the forest industry in the

province. There is a universal lack of skilled workers, particularly within the forest resource sector. Technology

will be needed to solve the backlog of work created by skilled labour deficits; LiDAR is a fundamental part of the

future.

Just like the introduction of air photos changed landscape management over 100 years ago, LiDAR will allow for

big changes going forward.

Ken Dodd, RPF

Woodlot Licence W2031
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