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How is forest productivity quantified?
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How is site index measured?
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Tree height data

Airborne laser scanning
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T1 T2

Tree height data

Airborne laser scanning
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I. Two methods of site index estimation

II. Classifications of forest change

III. Predicting and mapping site index

IV. Economic utility of 3D data

Develop methods of forest productivity estimation

Research objectives
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Study areas
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Paper 1

Direct and indirect site index determination for Norway 
spruce and Scots pine using bitemporal airborne laser 
scanner data 
Noordermeer, L., Bollandsås, O. M., Gobakken, T., & Næsset, E. 

Forest Ecology and Management, 2018
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Paper 1: background

How is site index measured?

Develop two methods of site index estimation using bitemporal ALS data
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Paper 1: methods

61 m

Sample plot (233 m2)

Validation plot (3700 m2)

Subplot (233 m2)17.2 m
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Paper 1: methods

ALS metrics T1

ALS metrics T2

Hdom T1

Hdom T2

Site index

Hdom T1

Hdom T2

Site index

Sample plots Validation plots

Direct 
method

Indirect 
method
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Paper 1: results
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Paper 2

Classifications of forest change by using bitemporal 
airborne laser scanner data

Noordermeer, L., Økseter, R., Ørka, H.O., Gobakken, T., Næsset, E.  & Bollandsås, O. M. 

Remote Sensing, 2019
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Paper 2: Background

Assess the utility of bitemporal ALS data for forest change classification

Increase

Decrease

Aboveground biomass Forest disturbance
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Partial harvest
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Paper 2: Methods

Time 1 Time 2



Norwegian University of Life Sciences19

Paper 2: Results
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Paper 3

Predicting and mapping site index in operational forest 
inventories using bitemporal airborne laser scanner data

Noordermeer, L., Gobakken, T., Næsset, E.  & Bollandsås, O. M. 

Forest Ecology and Management, 2020



Develop a practical method for mapping site index in repeated forest inventories



Paper 3: methods

MappingClassification Modelling



Paper 3: results



Norwegian University of Life Sciences24

Paper 4

Economic utility of 3D remote sensing data for estimation 
of site index in forest management inventories: A 
comparison of airborne laser scanning, digital aerial 
photogrammetry and conventional practices
Noordermeer, L., Gobakken, T., Næsset, E.  & Bollandsås, O. M. 

Silva Fennica, 2022
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Paper 4: background

Optimal rotation age

Target tree species

Sustainable yield

Planting density, 

thinning regime

Form of final 

felling

Site index: a crucial variable
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Paper 4: background

Economic 
losses

Errors in 
site index

Incorrect
treatment 
decisions

Assess the economic utility of 3D data for site index estimation
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Paper 4: background

Simulator

- Treatment schedule
- Net present value

- Initial state
- Assumptions

Cost-plus-loss analysis = Inventory cost + Economic losses due to suboptimal treatment decisions

Optimal
rotation

age

Harvest 
revenues

Forest
growth
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Paper 4: results

Direct method,
bitemporal ALS

Conventional 
practices

Inventory cost 5.45            5.46

Mean loss 27.94 58.20

Total cost                 33.40 63.66
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Conclusions

Direct estimation of site index Changes in forest structure

Site index mapping Economic utility of 3D data



Thank you


