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Background

● The National Forest Inventory is used to keep track of the stock and change

of biomass and carbon

● Sparse sampling grid in montaneous areas

● Low biomass and large relative change potential

● Remote sensing might be useful to increase the precision

○ ALS widely available

○ Images even more so

● The objective of this study was to compare the use of ALS and DAP to aid

model-based estimation of AGB within a 2.7 km2 area in a treeline ecotone







Stratification

● The area was stratified in TALL and LOW

○ 100 m2 cells

○ Mean height of ALS-echoes (Hmean) from the national scanning (2018)

■ Hmean > 1 m : TALL

■ Hmean < 1 m: LOW

■ LOW-cells: 6.25 m2 cells
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Field plots for calibration of models

● 20 TALL cells were selected for establisment of plots

○ Uniform over the Hmean range

○ 100 m2

○ Circular

● 182 plots across the LOW

○ Used existing grid of plots used for vegetation analyses across different vegetation types

○ 7.1 m2

○ Circular





Measurements on field plots

● 100 m2 plots

○ Calipered trees dbh>0

○ Sample trees for height

○ Predicted biomass on single trees

○ Summed and scaled to per hectare

● 7.1 m2 plots

○ Division into quadrants

○ Selection of four trees for height measurements

○ Count of trees in two quadrants

○ Biomass of mean tree x number of trees, scaled to per hectare



Overview – biomass data Hol

Biomass (tons/ha) min max mean SD

LOW (shrubs) 0.0 9.0 0.9 1.4

TALL (trees) 8.5 65.8 30.2 17.5



Remotely sensed data (point clouds)

● ALS

○ National scanning (June 2018)

○ 2 points per m2

● DAP*

○ Images acquired from a drone (July 2019)

○ Currently working on solving shifts in the point cloud

● Metrics

○ Variables representing height and density of trees and shrubs



Modelling

● The relationships were not as strong as in the productive forest

● TALL

○ Stems shapes are variable 

○ Crown shapes are variable

● LOW

○ Much of the biomass is in the «uncertaincy zone» of the DTM

○ The sparsest plots may not even trigger a positive height value





Modelling

● Linear models for AGB constructed

○ TALL

■ ALS: H90, R2 = 0.5

■ DAP: H90, R2 = 0.4

○ LOW

■ ALS: Hmean, R2 = 0.2

■ DAP: Hmean, R2 = 0.4



Prediction and estimation

● Predicted on cells

● Estimates of mean AGB per stratum

○ Mean of predictions

● Estimates of mean AGB for the whole area

○ Area-weighted mean of stratum means
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Estimation of uncertainty

● Parametric bootstrap

○ 20 000 iterations

○ SE per stratum estimated as SD of the 20 000 mean AGB values





Results

● TALL (0.97 ha)

○ ALS: 26 tons per ha, SE ≈ 3.1

○ DAP*: 25 tons per ha, SE ≈ 3.5

● LOW (270.75 ha)

○ ALS: 2.2 tons per ha, SE ≈ 0.2

○ DAP*: 0.8 tons per ha, SE ≈ 0.2 

● Total (271.72 ha)

○ ALS: 2.3 tons per ha, SE ≈ 0.2, 614 tons

○ DAP*: 0.9 tons per ha, SE ≈ 0.2, 245 tons



Comments

● For the part of the area with tall vegetation, estimates seem reliable

○ SE quite low

○ Confidence intervals for ALS and DAP* estimates overlap

■ DAP-data seem to be quite ok in the part of the area that comprise the tall trees

● For the low vegetation ….

○ SE also quite low

○ Estimate from ALS was 155% larger than DAP*



Concluding remarks

● The biomass estimation of the vegetation considered to be tall seems to work 

with both data sources

● Since I don’t trust the DAP data for the low vegetation yet, it is a bit early to 

conclude for the LOW

● The cells have a few extreme values of Hmean, that gives predictions in the 

LOW beyond the mean of the TALL

● The stratification approach, yield some extreme small predictions cells 


