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Introduction: satellite technology

ÁSatellite remote sensing can collect large amounts of image data over a 

wide geographical area with a high temporal frequency;

ÁProvides information on species composition;

ÁProvides 2D (x, y) information, whereas LiDAR provides 3D (x, y, z) 

information;

ÁUsing old satellite data provides a way to define accurate forest carbon 

baselines in the past.
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Saturation problem in satellite data
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(Peuhkurinen et al. 2010)
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Introduction: ALS technology



Wednesday, September 22, 
2010

Jarno Hämäläinen, REDD and Sustainable 
Forestry Services

Crosscut 1, ònaturalò forest

Monday, August 3, 2009



Wednesday, September 22, 
2010

Jarno Hämäläinen, REDD and Sustainable 
Forestry Services

Crosscut 2, òdegradedò forest



Study area and data

Parameter Value

Field of View (FOV) 30 degrees

Sidelap 20%

Point density 1/m2

Flying altitude 2000 meters

Speed 120 knots

Sun position >20 degrees

Optimal distance 19 + 1 trajectories

Length of flying 410 km

GPS base station 40 km apart

LiDAR data (6-8 Feb 2009)

Satellite data

Satellite Date

ALOS AVNIR-2 September 2006

Landsat 7 November 2000

Field data (25 Feb- 10 March 2009)

Variable Unit

Height Meter

Diameter Centimetre

Stem count 1/ha

Tree species Code

Tree type Code

Tree quality Symbol

Crown class Symbol
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Lao PDR Savannakhet

- The total survey area was 25 000 ha.
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LiDAR and Carbon Stock Inventories
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Á The tools are 

implemented 

in ArcGIS environment

Á Field plots are used to calibrate 

laser scanning based models

Á The resultant models are used to

calibrate satellite data based 

estimation models

Á With ArboLiDAR, Sparse Bayesian regression is conducted either on an 
estimation grid with cells of sample plot size, or on homogeneous 
microstands, which are automatically generated by the stand delineation 
tool incorporated in ArboLiDAR

ArboLiDAR Forest Inventory Tools
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Collect satellite image and 
other ancillary data to 
stratify the area of interest 
(AOI)

Collect sufficient amount 
of field calibration plots 
from every stratum 

Teach the LiDAR data with 
field sample plots data 

Make separate models 
for every stratum 

Teach the satellite data 
with the - grid level 
estimates

Estimate all variables of 
interest for a grid using 
LiDAR models covering
The whole LiDAR strips 

Estimate all variables of 
interest for a grid using 
satellite models covering 
the whole AOI 

First Phase

Collect LiDAR sample 
strips covering 10% of the 
AOI

Second Phase
ArboLiDAR process work-flow for a two-phase sampling

Calculate surrogate 
sample plots, if 
necessary
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1.Mapping biomass for the LiDAR transacts from 

LiDAR, ALOS AVNIR-2 and Landsat 7 data and field 

sample plots.

- 28 LiDAR and 19 satellite features were included

2. Generating surrogate sample plots

- Plots were placed randomly with probability proportional to the

estimated biomass.

3. Estimating above- and below-ground biomass

- The estimation accuracy was calculated at plot-level and for

micro-segments with mean area 0.4 and 1 hectare

- Vegetation height and density features derived from

LiDAR were used in the segmentation process

- The satellite-based estimates were aggregated into the

segments and validated against the accurate biomass map.
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LiDAR and Carbon Stock Inventories
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Results
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LiDAR and Carbon Stock Inventories
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Resultsé

Distribution of original and surrogate sample plots. Total volume histograms of original sample plots 

(black bars) and the surrogate sample (gray bars).
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