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Two most important points of this class:

BIG DATA

INCREASED ACCURACY

Two most important points of this class:

BIG DATA   (great… more detail, more area, more 
time periods)

INCREASED ACCURACY
(great .. Better answers, less waste, less confusion 

or uncertainty)

Two most important points of this class:

BIG DATA   (now how do you deal 
with it?)

INCREASED ACCURACY 
(now how do you deal with it?)

1m contours – no point thinning

1m contours – with point thinning

Two most important points of this class:

BIG DATA

INCREASED ACCURACY

Be careful what you ask for
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ArcGIS
Coordinate Systems

Statewide  County 
Coordinates

Especially Datum 
Transfromations (Harn & 
CORS96, WGS84)

ArcGIS
GeoDatabase (everything all together)

Feature Data Set (coordinates are stored here)

Feature Data Class
Vector layer
Vector layer
….

Raster layer
Raster layer
….

Feature Data Set

…..

View using Windows Explorer

View using Arc Catalog

Shapefiles
View using Windows Explorer

View using Arc Catalog

ArcGIS 
Environmental Variables
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ArcGIS 

Results
(how to stop a
process)

Environments

ArcGIS 
Terrain Databases

Raw LiDAR Data:
•Point Cloud of Georeferenced (X,Y,Z) Coordinates
•Bare Earth and Feature Returns
•First and Last Returns
•Feature hits could fall anywhere on tree (or other objects)

Lidar-derived elevation surface 
(perspective view)IKONOS Satellite Image
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Properties of LiDAR Sample
• Beam and ground footprint

• Returns per pulse

• Density

• Angles

• Intensity Threshold

Waveform vs. 
Discrete Return

last return

first return
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Ground Footprint

Beam specified by an angle, , in milliradians

Beam width expands the farther from the source

Ground footprint depends on flying height and beam angle, 

Ground footprints typically in the 15 to 50 cm (6” to 18”) range

Larger ground footprint means lower energy returns, lower spatial 
precision

Smaller footprint for a given instrument means smaller area 
coverage, and/or sparser sample



Scan Angle

Swath limited, 
best
angles less 
than 
7 degrees

Height errors 
increase with 
angle, but 
beggars can’t 
be choosers

Return Density

1 10

Returns per square meter

Mature Hardwood Forest
Kandiyohi County

Return Density – Bare Patches
Returns per square meter

Returns near forest/water edge
1 100

Multiple 
Returns

• Usually at least 2, 
1st and last

• May be up to 4, 
two intermediate 
– threshold or 
ordinal selection
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What Good Is It?

OSU Forest Science

LiDAR Measures Canopy 
Height and Density

NASA

LiDAR Applications

– Ground elevations
– Canopy heights
– Biomass
– New measurements

• Growth
• Leaf area
• Percent cover
• Stocking density

• Advantages
– Cost efficient for large areas
– High spatial resolution (~5 cm)
– Numerous applications

• Forest biomass, growth, carbon exchange
• Vegetation type
• Phenology, disturbance

• Analytical Challenge
– Deciduous and mixed forests, nonforests

B. Cook, NASA
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= 0.767876173391003

Canopy Height

Canopy Density

Biomass = ƒ (height, density…)

Field Measurements
•Height, diameter, species on every tree
•Growth on every tree in central subplot
•Age (for site index) on 1 tree per 
condition
•CWD on 3 transects for each subplot
•Hemispheric photos for LAI
•Densiometer measure of canopy closure
•Site condition, slope, aspect etc…
•>150 plots

Lidar-Derived Quantification of 
Forest Structure
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Distribution of LiDAR feature pulses
n =  310     cv =  0.37
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D1=93.5

D5=84.2

D9=23.9

Hmin, 

Hmax, 

Hmean

Minimum, maximum, 
mean heights 
detected within plot

D1, D5, 
D9

The proportion of 
LiDAR canopy 
returns that were 
above the indicated 
number of 10 equal 
width intervals.

H10, 
H50, 
H90

Indicated Percentile 
of feature returns 
within plot

Hcv Coefficient of 
Variation of lidar 
pulses within plot

7.3 m radius plot



Forestry Applications of LiDAR Data (Apr 2012) 7

Model Building
• All-possible-subsets regression 

Biomass =   (LiDAR metrics)

• Best models evaluated by Mallow’s Cp statistic

• Leave-one-out cross-validation (predicted RMS error)

• Kappa statistic to assess collinearity
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LiDAR Height, Density, Intensity

Cover Type

Predicted Woody Biomass 
= f(Height, Density, Intensity | Cover)

Tons/Ha

High : 492

Low : 0

AF
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BS

LC

LH

MX

NF

UC

UH

•Leaf-off and leaf-on give similar results
•Conifer types show strongest relationships
•Simple Conifer-deciduous breakdown 
seems adequate

•Mixed Cover types a problem

•Significant variability at the pixel level

Best models by cover type

Cover Type Dataset Terms: R2 n

Cross-
validated 
RMSE 
(tons/Ha)

All Plots Leaf on Int, Hmean, D9 0.55 169 43.47

Aspen/Fir Leaf on Int, Hmean, D5 0.47 40 47.57
Alder Leaf off Int, H90, Hmax, MGI 0.95 11 14.09
Black Spruce Leaf off Int, H10, MFI, MGI 0.99 9 10.18
(N. White cedar) Leaf on Int, H10, MFI 0.73 27 25.39
Lowland Hardwoods Leaf off Int, H50, MFI, MGI 0.96 10 12.50
Upland Hardwoods Leaf on Int, D9, D1, Qmean 0.66 32 47.71
Upland Conifers Leaf off Int, Hmin, MG 0.74 16 48.64

Deciduous Forest Leaf on Int, D9, D1, Qmean 0.71 57 42.79
Coniferous Forest Leaf off Int, Hmin, Hmax, MFI 0.74 47 37.55
Mixed Forest Leaf on Int, H90, MFI, close 0.46 46 48.06

Mixed + Deciduous Leaf on Int, D9, D1, Qmean 0.5 103 46.20

Biomass Results

Basis For a Productivity Model

LiDAR Height, Density, Intensity

Cover Type

Predicted Woody Biomass 
= f(Height, Density, Intensity | Cover)

Predicted Average Woody ANPP 
= f(Biomass | Cover)
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High : 492

Low : 0

Tons/(Ha * Yr)
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Soils Data

Basis For a Productivity Model
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Accuracy Improves at Larger Areas Progress, Future

• Improved estimates of biomass realized 
through LiDAR – across species, mixes, 
densities, space

• Components? Bole, branch, leaves?

• Extendable to shrub, herbaceous plants?

• Carbon cycling- belowground pools via 
terrain metrics
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Leaf Area Index (LAI)

First return from leaf-on collection (10 m grid cells)
Mean LAI = 5.0

QuickBird Simple Ratio

Dense canopy 
(few ground hits)

LiDAR-Derived LAI

Clearcut

Methods for Operational Forest Inventory in 
Norway

• Research going on since 1995

• Objective: develop and validate 
LiDAR-based methods for detailed 
forest inventories providing data for 
management of individual forest 
properties

• About 15 project funded by the 
Research Council and the forest 
industry in Norway, 1995-2008

• Partners: UMB and local forest 
industry

• Validation confirms:
– Accuracy 100% better than 

conventional methods

– Costs 1/20-1/40 of conventional 
inventory
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Våler study site, Norway (E. Næsset)

http://tsp.umn.edu/lidar Two most important points of this class:

BIG DATA

INCREASED ACCURACY


